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POLAROID CORPORATION RESEARCH DEPARTMENT

CONFIDENTIAL
Progress Report N3, 9

Contract No. NObsr~421'7S9
Period January 3, 199, to January 31, 1949
R. Clark Jones

June 16, 1949

Detelled end extensive computations have been made to de-
termine the response of an infrered detecting system as a function
of the followlng five quantities:

1. Effective temperaturs of the source
2. Spectral response of the detector
3. Meteorological conditions

4. Elevation sngle of scurce

5. Dietance cf source

The results of these calculatlons are contained in enclosure 1 dated
January 18, 1949, The results are prescnted in the form of 37 tables
of numerical values, ’

Encloeure 2, dated February 24, 1949, conteins brief summaries
of the information avellsble in 18 differcut reports on the subject
of the infrared redistion from potentisl targets.

Enclosures 3 and 4,both dated dJanuaery 7, 1942, contain de-
tailec considerations reloting to the design of the chennel amplifiers
used to supply the major amount of gain, and also the compression
necestary to present a very large cynmeumic range on the screen of a
e~rthode ray tube.,

This is the last progress report on this study contract.

rej/cbb

Report prepared by;‘(j:z C:QZG«A«Q%Q &:;T‘&QAlf

R. Clark Joneg/

Approved by ¢Vean R . %M

Elkan R. Blout
Associate Director of Research

CONFIDENTIAL
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Effcet of Atmoespheric Absorption on the Reaponse of Infrared Detectors
Pert 111
R. Clark Jcnes

January 18, 1949
Introduction

Thie is the t'ird and lest of a series of three reports whose
aczblined object is the determinction of the response of sn infrared
dotector as & function of the fcllowing five quentities:

1. Effective temperature of the scurce
2. Spectral response of the detector
3. Meteorological ccnditions

4. LElevation anrle of source

5. Distance of source

In Pert I, dated September 24, 1942, (plus an important supple-
ment dated December 2, 1849) the abscrption factor of the atmosphere
vas determined as a function of the first two of the above quantities
and of the equivalent thickness of weater vapor in the opticel path,

The resudits obieoined in Part 1 were presented in Tables 111, IV, and V.
Each of these tables presonted ecsentielly the serze information but

in different forms. Table 111 presented the effective power in ergs
per secend radiated unilaverally from one square centimeter of n source
at tempersturc T in degrees Kelvin w ich would bc effective in evoking
a response from e given detector. Table 111 contained the resuits for
six detecters, six source temperaturcsg, end six equivalent thicknesses
of vater vapor. Table IV showed the ratioc of the response te the response
that would be obtaired with zero cquivelent thickness of water vapor,
and Table V showed the retio of the energy utilized by 2 given detector
to that which would be utilized by a therwmocouple.

In Part 11, dated November 24, 1948, the eguivalent thickness
of water vapor was calculated az a function of the last three quantities
listed above, Part II coniained no extensive numericel resuits, tut was
devoted primarily to developing the theory for the calculation of the
equivalent thickness of water vapor.
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I this report there is cslculsted the power in ergs/sec
radiated by one square centimcter of the so.ree, which is incident upon
cne square centimeter of receiving area and which is effective in evok-
ing a responze from the detector. The resulis are contained in Tables 1
through XXXVi. Each of these tables holds for one givern source temper~
ature ené for one given detector. The power defined above is tabulated
in each of the tsbles &s a function of six different ranges, six differ-
ent elevatior engles, and four differcnt surince emblent temperatures.

Theory

The prezent report will use escentielly the theory developed in
Part II but with some changes, In order to have the theory all in one
plece, the theory will be develoned anew in thle rerort,

Let & be the saturated density of water vapor in the atmosphere.
The definition of this quantity for tewperaturecs btelow C° C is amblguous
because one dece not know whether the water vapor is in equilibrium
with under-cocled liquid water or with ice. This ambiguity will here
be avolded by essuming that the water vopor ie in equilibriunm with
under~cooled liouid weter.

The satu

turated density s ie a function of only the termperature.
It is completely 1

ndependent of the pressure, One thus has

s = s{t). (1)
It will be eassumed throughcut this report that the temperature
of the elr 1s = Tunction only of the elecvaticn

t = t(h). (2)

By combining these two relations ore finds the density s ss a function
of the height

s = s(t(h)). (3)
Let H be the relstive humidity of the alr, defined as the ratio
of the sctusl density of weter vapor to the saturstes density of water

vepor., It will be sssumed throughout this report that the relstive
hunidity ie a function of only the elevation. Cne thus has

H = H(h). (4)

Let u be the actual density of water vapor in the atmesphere,
One then has

u(h) = H(h) s (t(h)). (5)
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. Then, 1f the elevation angle of the target is 8, and if the
distance to the larget is R, the cquivalent thickness of water vapor
in the optical path, denoted ty ¢, is given by

R
-1

/
v = p ) un)af , | (6)

[o]
where £ 1is the distonce meesured along the optical patl
Z = h csc 6. (7)
By substituting Eqs. {5) and (7) in Eq. {6), one finds

Rfcse ©
-1
- = F cse @ ( H(h) s (t(k}) dn, (2)

o
where f) is th= density of liguid water.

This expression fer the ecuivalent thickness of water vapor
. in the opticel pzth becomes determinate when one knows the functions
(1), (2), and (4). 1In ihe absence of rore c¢xplicit information about
these functions, kq. (€) is as for as one ma2y go in reducing the ex-
pression to an explicit form.

Form of Equation {1)

Of the three functions to which explicit form must be given
kq. (1) is by fer the mcst completely knovm. The density of water
vapor in equilibrium with lignid water is given in many toxtbooks
on thermodynamics and on steam enginecring, and ic given 2lso in the
Handbook of Chemistry end Phveice. The informeiion used here ic teken
directly from The Transmission of Infrared in Cloudy Atmosphere by
H. Gaertner, Nesvord Repert 42%¢, dated June 1, 1647. OCn page 12 of
this report one finds the followlng table:

Temperature Saturated Density of tater Vapor
Degrees Centierade in Grews per Cubic Meter
=10 2.14
=5 3.24
0 L8
5 6.8
10 .4
@ 15 12.8
20 17.3

25 23.0
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This informetion ic sicwn by the circles in Fig. 1 with a logerithmic
scele for the density and a linesr scale for the temperature. It ie
evident that the circles are foirly well approximeted by the straight
line whose formuls is

t
§ = 8 eB

o {t in degrees Centigrade) (¢)

with

Sg = 4.6 H/EB o)
0
£ = 0.0665/deg.

Ecuations (9) end (10) provide c¢n rdeguate regresentntion for s(t)
for teamperatures lying between -15° ¢ ~nd +30° C. A somevhat better
fit, of 2 ctraight line to the dets in the ebove table may be cbteined
by en expreseion of ithe form

/T

S=8 @ (T in degrees Kelvin)

but ihe increased precision of this formula is not worth tre =added
mathematical complexity to which it leads.

Unlike Ec. (1) w

hose form may te determined oy leboratory measure~
mente, the form of Fgs. (?) cn

cnd (4) depends on meteorological corditions.

It is obvious, of covrse, that no simple and generelly wvalid
expressions may be written for the temperature and huwidity as a function
of elevaiion, The actual functlions will depend greatly on the history
of the air waese over the place in question. In particuler, the presence

of a front between trvo different sir masses may lead to & very ccmplicated
situation.

It iz further evident, however, that it is not feasible in
these calculations to teke account of all the possible conditicns.
Accordingly, the calculations will be based on the average temperature
and humidity as & function of elevation,

Information on average reletive humidity and average temperature
as 2 function of elevation has been obiained from two scurcss.
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TaABLE 11.—1.ApSE RATES OF TEMPERATURE IN THE

CLIMATOLOGY

LowER TRGPOSPHERE

North Ameriea

w0

10.
11,

West Coast
Nome. ... ..
Ketehikan
Seattle
Oakiand ..

Inland
Fairbanks . .

. Minneapolis,

Oklahoma City
San Antonio.
Faust Cogst
Portlandd
Charleston
Miami.

12.
13.

14.

15.
16.

West Coast
Hamburg
De Kooij

. Inland
Pavlovsk
Lindenberg
Vienna. ..

17. Atlantic Station |

21.

22

. Atlantic Station T

Coro Solo.,

CoSwan Island .

Pearl Hurbor

Agra.

I |

Latitude ' Longitude
]
|
647N EERTIEES
55°N 132 W
48°N ! 122 W
| 38N 122° W
65y 1487\
P 45°N 93°\W
[+ 35N 98 W
29"\ 98° W
! 44°N 70°W
| 33°N KO°“W
I 26°N SO W
Iarrope
SN 10K

1 a3°N ) 5t

G0 N 301

N 4 I

1SN 16° 1
Oceans

Abont 37 N ATW

. Abont 37 N 47°W

9 N 80 W

5 I7°N LR AN

21°N 15%°W\
India

27°N ™Sl

January, July,
deg deg ¢
/1000 1 . /1000 m
( i

12 26
57 PR
N NI
{9 34
31 70
2.0 536
3 2 )
i .f ‘ c’) c‘
| . -
i 3.3 o
41 a7
L 47 | as
7 54
| 20
50 60
46 o6
3 N
o4 D3
D6 S0
N 52
a0 H 2
| Y 4N
| a4
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' The first of the cources is Benjemin Retner, "Terperature,
Precsure, and Reletive Humidity over the United Stotes end Alaska™
dated May, 1945. This report is availenble frem the Climate and Crop
Division of the lieather Pureau. The report contelns informetion of the
year on the temperature and relative humidity for helghts between the
surface and 70 kilcmeters., This information 1s given for 37 pleces
in the United Stetes and Aleska. The only sea locations, however, as
distinet from continentel lcocations, conteined in this report are Swen
Island in the Test Indies snd San Jusn, Puerto Rico. Plots slowing the
vertical teuperature distribution at these two locetions are shown in
Fig. 2. The reletive humidity asz a functlion of elevation at these two
locetionsg 1s plotted in Figs. 3 and Z. The two curves in each of these
figures hold for the wonths in waich the relgtive humidity differs most
markedly. Thus the curves for all of the cther wonths will lic between
the two curves shown.

The sscond source of information is the book Climatclogy, by
Bernbard Hevrwzitz end J. M. Austin (lcGrew Hill, 1944). Peges 3943
of this book contain an excellent dizcussion of the lepse rates of tem-
pergture in the troposphere. Table X1 of this book is reproduced as
Fig. 5. The section of the tesble cntitled "Ucegns" is of particuler
interest here and indiecates that the lepze rates at the locetions indiceted
are all neer 5° C per kilomecter in both sumzer end winter. This inform-
ation supplemcnis thrt in Fip. 2.

' Exewnination of Figs, 2 end 5 permits the follewing generslization:
The tewperature decrcases linearly as the height increases. Further-
more, in the tronical locations involved in Fig. 2, the lapse rate,
and indeed the overall tempersture pattern, 1s quite independent of the
time of yesr.

Examination of Figs. 3 and 4 indicetes thot the importence of
relative humidity veriations 1s much lecs then thet of temperature veri-
ations. Accordingly, for the purpose of a rough overrll survey it is
adequate to suppose that the relative humldity depends on elevation in
accordence with the stralght lines stown in Figs., 3 end 4. The suit-
ability of this approximotion ic lnereacsed by the considerstion that
the relative humidity needs to be known with a falr accuracy only at
small elevations. At larger elevetions, the temperature i:c so much
lower than it irs at the surface, that the part of the psth at higher
eleveiions contributes only a smell psrt of the total equivalent thicke-
ness of water vapcr,

Thue it will be =zupposed

H=He (]l)

t =t - xh, (12)
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=

a where t end H_are the surfrce ierperazture &nd the curface relrtive
humidity, end where o« &nd ¥ are constants with the dimcnsions of a
reciprocal length., The following numcricel values token from Figs, 2,
3, 4, and 5 will be uced in this rcport.

H = 0088
o
0
= 0,0051/meter
(13)
= 0.000092/meter
X F + ¥ = 0.0004£36/meter.
Accordingly, by viriue of the specific numerical cssumptions
involved in lgz. (11), (12), end {13), the spccification of the meteor-
ological conditions has been reduced to the specificetion of the surface
temperature t,.
Explicit Form of Eguation (&)
On the basis of Egs. (9}, (11}, and (12) it is now poseible to
give & wore explicit form to Eg. (8}. Upon substituting the first three
named ecuatione in kq. (&) end performing the indjcated integrationms,
‘ one finds
t -(A 3 ¢+ TIR
H s e P © cec & 'cs; )
0o 0 \
T = (1 - e . (14)
P +7)
If£ now one notes thrt the dencity of water vapor st the surface is
given by
Bt
n e = 8 H e (15)
and that the water vapor density at the tergetl is given by
Fto - (xB &+ ¥ )R
utgt = SOHOQ cse 6 s (16)
then Eq. (14) may be written in the follow!ng more compact form:
cEc 6 (u ). a7)

surf B utgt

. = IO(CXP + )

»
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It is convenlent Lo express the saturated water vapor density
u in grams per cubic meter., It is furthermore convenient to heve the
helght h and the range expressed in meters., If then it 1le desirsd
thet the equlvelent thickness of water v-opor ¥ be excressed in centi-
meters, Eq. (17) must e written

- cuac B - :
c(R, 8t ) - y (uSer utgt)’ ae)
0% 8 v 1)

vhere ¢ is ip centimeters, u is in grams per cubic meter, X is in
degrees por uweier, and wnere the density of liquid water has been set
egual Lo one gram per cubic centimeter.

Expression for E

Let P{r ,%,D) be the pover tabulated in Tsble 11T of Part Il
which, as steicd eariiler in this report, is the pover radisted uni-
laterelly from one square centimeter of a perfectly black scurce whose
abeclute temperature is ', reduced by the transmiscion factor of the
atrocphere containing en equivalent thickness of wster vapor z, and
reduced furtiher by a factor representing the ron-uniform spectral response
of the various detectors D. The last frctor is unity for e thermocouple,
but is less than unity for the other detectors by en emount which de-
pende on the epectral response of the detecter and the spectral ccapo-
sition of the radiation incident upon 3t, Then the enerpy I received
upon one sguare cenlimeter located at tle position of the detcetor which
is effective in cvoking £ reasponse from the detector 1s given by

F = _;LE P(z (R,8,t ), T,D), (19)
TR

where the detector is supposed tc be at the surfacz and the source at
ths position of the target.?

Equation (19) indicates thet the effective encrgy F depends upon
five qusntities:

R: tke distence {rcm the terget to the detector,

©: elevation anpgle of the target,

to: the ambient tempersture at the surface,
% It should be roted that the radiating area is gssumed to be flat and
normal to the line connecting the source and the detector. If, on the
other hand, the unit area of source were a sphere of unit surface area,

then an additional factor of four would appear in the denominator of
the right hand side of E,. (19).



T: the absolute temperature of the scurce,
D: the type of the detector.

The function P(v ,T,D) is available in tabular form in Table II1I of
Part, 11, =nd the function v(R,Ot ) is given above in Eq. (1€) by virtue
of the numerical ass;ghmhntc (109 =nd (13). Accordingly, the computa-~

tional basis is avallable fur the calculetion of E 2c & function cf the
{ive prremeters.

The Computations

In accordance with the suggestions of NMr. Dsuber summarized in
the writer's report dated December 20, the power I has teen computed for
the following independent values of the five parameters:

R: 3,000; 6,000; 10,000; 20,000; and 30,000 meters

e: 19, 5°, 15°, 30°, 60°, and 90°

b -10° ¢, 5% ¢, 20° ¢, end 35° C

T: 350° ¥, 400° K, 500° ¥, 600° Kk, €00° K, and 1,000° K

D: thermocou Dle, PbS at 290° K PbQ at 195° ¥, PbS at 90° K
PbSe at 195° K, Pbfe at on©

The above tobulation 3:r:lcates that there are 5 x 6 x 4 x 6 x 6 = 4320
different values of E to be computed.

These 4220 velues of I mey be tebulated in a veriety of ways.
The method closen for Tebles 1 through XXXV1 is to hold tle source
temparature T and the type of detector D constant for each table. Thus
in each table all of the velues of the renge R, the elevaticn angle 6,
and the surfece tewpernture t_ are represented. Because ¢f the large
romher of restlts obtaired it wes not felt feasiblie to prcsent the re-
sults in the form of plots. It mey well be, however, thet anyone desir-
ing to uce a restricted vart of the informrtion contrined in the tables
will find it desirshle to construct plots for his own use.,

Bescause 01 8n e€rior which oeCalié ulisSceuvered Only alier
the tebles were partially typed the quantlty tabulated in the tables
is aoL £ but raiher L¥ s 1T 2 E. nbbb.&().kun.a..y’ e qummt} aclually
tabulated in Tables 1 through XXXVI mey be considered as the effec-
tive power incident upon one square centimeter and radiated by one
square mcter of source, or conversely, s the effective power inei-
dent on one square meter and radlated by one square centimeter of
source, A less useful but mcre symmetrical statement is that E! is
tha effective power inclident upon one squere decimeter and radiated
by one square decinmeter.

Method of Calculetion

The mothod of computing the results contained in Tables I

through XXXVI wes ue follows. In celculating ¢ by Eq. (18) the water vapor

%



POLAROID CORPORATION — RESEARCH DEPARTMENTY

w0

density u was plotied ss a function of elevetion for each of the four
surface temper2tures. The lecight of the tarpet was computed for eackh
of the renges erd elevation engles. The values of Uy, and U,y Were
then read off the plots end substituted in kg. (1€)." Egc equivgient
thickness of water vapor was thus determined as a function o” R, 68, and

and to.

In order to obtain E, the function P{z ,T,D), tabula’.zd in
Tsble 111 of Part 1I, was plotted &s a functicn of = for ea.h of the
36 combinations cf scurce tempersture T and detector type D. The velue
of P was then read off the plots and E calculated by Ec. (19 . In a few
cases the velue cf T computed as deseribed in the preceding peragreph
was greater then 50 cm. In these few cases, the value of E ': omitted
from the tables. 1If the value is needed, it may be obtained with fair
reliability by extropolation.

Note Added lMerch 16

The equivelent thickness of water veopor used in calc:leting
Tebles T through YXXV1 is tebuleted in Table A.

rcj/cbb




Surfacé
30
50
1
%
€00

90°

Surfece
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Table I
o
Source Temperature: 1000 X

Detector: Thermoccuple

Values of F' =» 104 E, where E 18 in ergg/(secﬁcm4)

3,000

Tenperature

C.56
0.56
0.60
0.64
0.67
0.67

Temperature

0.78
0.78
0.81
0.84
0.88
0.92

Temperature

Temperature

S
a
IXEXR SRR R

L]

u

it

Rauge in Meters

6,000 10,000 20,006
35" ¢
0.11 0.032 0.0062
0.11 0.035 0.0070
0.12 0.038 0.00¢8
0.13 0.046 0.011
0.15 0.053 0.013
0.16 G.055 0.01Z
20° ¢
0.16 0.048 0.0092
0.16 0.051 0.010
0.37 0.056 0.013
0.19 0,062 0.015
0.20 0.07M 0.018
0.2) 0.075 0.019
5° ¢
0.21 0.064 0.013
0.21 0.067 0.017
0.23 0.07% 0.018
0.25 0.086 0.021
0.27 0.099 0.02¢
0.28 0.10 0.025
-10° ¢
0.28 0.089 0.018
0.29 0.092 0.020
0.30 0.10 0.023
0.30 0.11 0.027
0.30 0.1l 0.027
0.30 0.11 0.027

30,000

0.0029
0.0033
0.0039
0 ] 004'8
0,0058
G.0061

0.0035
0.0039
0.0055
0.0067
0.0079
0.0082

0.0051
o.oow
0.0074
€.0092
0.011
0,011

0.0071
0.0081
0.010
0.012
0,012
0.C12
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' Table 12X

, o
Source Temperature: £00 X

Detector: Thermocouple

Values of E' = 10% E,: where E is in erga/(sec~om4)

Renge in Heters

3,000 6,000 10,000 20,000 30,000
Surface Tempernture = 35° ¢
1° ¢.19 C.040 c.013 0,0027 0.0012
52 0.19 0.0LD 0,013 0.0029 0.0013
= 0.20 0.042 0,014 0.0032 0,001/
30° 0.21 0,044 0.015 0.0036 0.0016
&P 0,23 0.050 0,017 0.0044 ¢.0019
<o 0.23 0.053 0.018 0.0045 0,0020

0
Surfsce Temperaturs - 207

33 0.27 €.053 0.016 0.0033 0.0014

50 0.28 0.053 0.017 €.0036 0.0015

15° 0.30 0.053 0.018 0.0042 0.0018

. 20° 0.31 0.065 0.022 0.0052 0.0023
60° 0.33 6255 0.026 0.0065 0.0029

90° 0.35 0.080 0.028 0.0070 0.0031

Surface Temperature = 5°

i

19 C.37 0.080 0.023 0.0044 0,0013
59 0.37 0.080 0.024 0.0049 0.0019
1£° 0.39 0.087 0,028 0.0065 G.0027
309 0.41 0.089 0.031 0.0072 0.0034
60° 0.42 0.10 06.035 0.7083 0.0039
90° 0.42 0.11 0.035 0.0083 0.0039

Surfece Temperature = -10° ¢

oo

1° 0.49 0.10 0.032 0.0066 £.002%
50 0.49 0.11 0.032 0.007 0.0030
15° 0.49 8.3 0.035 0.0080 0.0035
30° 0.53 0.12 0.041 ¢.0095 0.0042
60° 0,53 0.12 0.044 0.011 0.0050
90° 0.53 0.13 0.044 0.011 0.0050



Sarface Temperaturec

Surface Terperature

Surface Tempersture

15°
302
600
90

Surface Temperature

TOLARCID CORPORATION — RESEARCH DEPARTMENT

Teble III

o)
Sousce Temperature: GO0 X

Eatector: Theruocouple

Values of E' = 10% E, where E is in ergs/(sec-cm4

3,000

G.039
0.042
0.042
0.046
0.04°

0,061
0.064
0.087
0.07M
0.078
0.081

C.10
0.10
0.11
0.12
0,13
0.13

0.14
0.14
0.14
0.15
0.15
0.15

§]

6,000
35° ¢

0.0066
0.0066
0,0074
0.0084
0.011
0.011

sl o

°

DCOO0DO0O
? L] L]
o O
2EE8R_R
QW e e

N
(o]
(@]

0,018
0,019
0.020
0,024
0.027
0.029

-10° ¢

0.027
0.029
0.033
0.035
0.037
0.037

Renge in Mcters

10,000

0.0018
0.0020
C.0022
0.0027
0.0035
0.0038

0.0029
0.0031
0.0038
0.0047
0.0062

0.0047
0.0054
0.0063
0,0076
0.0098
C,010

0.,0083
0,0089
0,010
0.012
0.013
c.013

20,000

0.00043
0,00049
G .00065
0.00087
0.000%5

C.00052
0.00060
0.00080
0,0011
0.0014
0.0015

0.00087
0.0010
0.0014
0.0018
0.0025
0,0025

0.0014
0.0017
0.0024
0.0029
¢.0032
0,0033

)

0.,00039
0.00042

0.00020
0.00024
0.00034
0.00049
0.00063
0.00067

0.00031
0.00039
0.00060
0.00077
0.0011
00,0011

0.00053
C.C0067
0.00099
0.0013
0.0014
0.0015




curface

10
o}
15°
30°
60°
90°

Surface

Surface

10
SO
15°
300
600
o0°

Surfece

10
50
15°
30°
600
a0°

Source Temperature 500° 1

Tetle IV

PCLAROID

’
[

Detector: Thermocouple

Values of E! = 104 E, where E is In ergs/(sec-cm‘

3,000

Terperature

0.012
0.012
0,013
0.014
0.016
0027

Tempersture

0.023
0.024
0.025
0.028
0.033
0.035

Temperature

0.046
0.046
0,049
0.053
0.056
0.056

Temperature

0.060
0.060
0,064
0.065
0.067
c.067

]

B

T
s

6,000 10,000
K bl
0,0020 0.00057
0.0020 0.00060
0.0023 0.00070
0.0027 0.00076
0.0023 0,0011
0.0035 0.0012
209 ©
0.00%6 0.00092
0,0036 0.0010
0.0039 0.0012
0.0052 0.0016
0.0C67 0.0022
0.0073 0.0025
il
0.0073 0.,0018
0.0075 0.0019
0.0090 0.0025%
0,012 0.0035
0.012 0.0041
0.013 0.0045
-10° ¢
0,012 0,0038
0.0i3 {,003¢8
0.014 0.0045
0,015 0,0051
0.016é 0.0057
0.016 0.0059

@nge in keters

20,000

0.00012
0.00019
0,00020
0.0002¢
0.00930

0.00016
0,0001€
0.00025
0.00038
0.00056
0.00061

0.00028
0.00C37
0.00051
0.00078
0.0010
0.0011

0.00056
0.0G070
0.8010
0,0013
0.,0014
¢.0015

CORPORATION — RESEARCH

)

30,000

0.000063
0.000088
0.00012
0.00013

0,000060
C.000071
0.C0011
0.C0017
0.00025
0.00027

0,000099
C.00013
0.C0022
0.00034
0.00046
0.0C049

0.,00018
0.,00025
0.00042
0,00056
©.00063
0.00065

CEPARTMENT
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Table V
Scurce Temperature: AOOo %
Detector: Thermocouple
Values of E' = 10% k, where E is in ergs/(sec-cn®)
Range in Keters .
3,C00 6,000 10,000 2C,000 30,000

Surface Temperature = 35° C

10 0.0021. 0.00032 GOOBBBT = m—ceee emmess

50 0.0021 0.00032 0.000C89 0.000017 = ===e--
15° 0.0023 0.00037 0.00010 0.000022 0.0000095
300 0.0026 0.00045 0.0001.L n,000032 0.600014
60° 0.0032 0.00061 0,00020 0.00'050 0.000022
90° 0.0035 £.07068 0.00023 0.000056 0.000025
Surface Temperature = 20° ¢

19 0.0653 0.00065 0.C0015 0.000024 0.0000088

50 0.0056 0.00070 0.00018 0.000029 0.000011
15° 0.0064 0.0011 0.,00023 0.000045 0.00001¢&
30° 0.,0074 G.0C12 0.00035% 0.C00078 €.000033
60° 0.009. 0.0018 0.00054 0.00014 0.000060
90° 0.0099 0.0020 0.08066 0.00016 0.000070
Surfece Temperature = 5 C

1° 0.012 0.0020 0.00038 0.000048 0.000016

50 0.013 0.0020 0.00045 0.000066 0.000023
15° 0.014 0.0025 0.00066 0.00012 0.000049
30° 0.015 0.0031 0.00095 -  0,00022 0.000095
60° 0.016 0.0036 0.0013 0.00031 0.00014
90° 0.016 0.0038 0.0014 0.00033 0.00015
Surface Temperature = ~10° ¢

1 0.017 0.0036 0,0011 0.00014 0.000039

50 BT 0.0032 0.0C12 0.00019 ©.000064
15° 0.01¢ 0.0041 0.0014 0.00029 0.00013
30° 0,018 ¢.0042 0.0015 0.00037 0.00016
60° 0.018 0.004/ 0.0016 0.00039 0.00017
ST c.018 0.00/4/ 0.0016 0.00040 0.00017



)
Scurce Tempersture: 350

Tabhle

POLARO!ID CORPORATION — RESEARCH DEPARTMENT

'
v

Detector: Thermoccuple

Values of E' = 10% E, where E 18 in ergs/(sec-cnm®)

3,000

Surface Temper-ture

10
so
15°
30°
6‘00
50°

0.00057
0.00C57
0.0CC64
0.,00C74
0.00095
0.0010

Surfece Temperature

10
50
15°
"‘00
goo
900

C.0017
0.0019
0.0021
0,0026
0.2035
0.0039

Surfece Tempezrature

-« 0
A
~0
C
15
60
90°

Surface Temperature

I
5
15°

O
30°
60o
90

0.0053
¢.,0053
0.0057
0,0062
0.0067
0.0057

0.007¢4
C.0074
C.0074
0.0078
0.0078
0,0078

~ 35°

=190

Renge in Neters

6,000
C

(. 000069
0.002069
0.000092
0.00012
0.00018
0.,00019

C

0.00020
0.C0220
0.00C27
0.00037
C.Ceds39
0.00070

0.0015
€. 0086
0.,0017
0.0019
0.0319
0.0019

10,000

€.000019
0,00C021
3.000022
C.000035
0.000057
0.0C0064

0.000041
C.000048
0.000067
$.00010
0.00C19
0,00031

0.00012
0.00014
0.00023
000z8
05)

o4

OO E)

\

D
QO

0,00044
0,000,482
0.90CG54,
0,.00064
0.80070

20,000

- -

0.0000022
0.0000051
0.0000080
0.000013
0.000016

0.0000G55
0.0000070
0.000012
0.000023
0.000045
0,000055

0.000013
0.0C0019
0,000048
C.000087
0.00012
0.00013

0.000045
0.000067
0.00C12
0.00015
0.C0017
{.00018

0.0000021
0.,0000035
0,0000060
0.0000071

0.0000021
0.0000032
0,.0000049
0.0000099
0,.000020
0.000025

0,0000033
0.0000060
0.000016
0.000035
0,000056
0.000060

0.000012
0.000021
0.000049
0.0000¢7
0.,000074
0,000078
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Table V11
Source Temperature: 1000° K
5 )
Detestor: tbs, 290" 1
Velues of E! » 20% E; where E 1is 1n:ergs/(eao-cm4)
Range in ileters
3,000 €,020 10,000 20,000 30,000

Surface Teupsrature = 35 C

3° 0.18 0.040 0.013 = eecewe eeeee-

5” 0.18 0,040 0.013 0.0028  eee-a-
15° 0.19 0.041 0.014 0.0033 0.0015%
20° 0.19 0.043 0.015 0.0036 0,0016
60° 0.2 0.046 0.01% 0.0040 0.0012
507 0.20 0.047 0.017 0.0041 0.0018
Surface Temperature = 20°

2° 0.22 0.047 0.015 0,003/ 0.0015

' 50 0.23 0.048 0.016 0.0036 0,0015

15° 0.23 0.050 0.017 0.0040 0.0017
30° 0.24 0.053 0,018 0.0045 0.0020
60° 0.26 0.058 0.020 0.0050 0.,0022
90° 0.26 0.059 0,021 0.0052 0.0023
Surface Temperature = 5° C

lg 0.29 0.059 0.019 0.0041 0.0017

5 0.29 0.060 0.019 0.0043 G.0018
15° 0.31 0.06/ 0.021 0.0049 0.0022

(o]
30o €.22 0.070 0,02/ 0.0057 0.0026
600 0.3 0.077 0.027 0.0067 0.0029
50 0.3 0,080 0.0628 0.0070 0.0031
Surface Tamparsture - -10° C '

o : 0.02 0.0051 0,0020
§° 8:;2 8.835 o.ozg ©.0055 0.0022
150 0,37 0.084 0.028 0.00¢&5 0-002§
30° 0.39 0.029 0.031 0.0075 0.0033
600 0.39 0.093 0.033 0,0083 0.0037
90° 0.39 0.097 0.035 (,0087 0.€039



POLARO'D CORPORATION — RESEARCH DEPARTMENT

Table VI1J

Cource Ysmperature: 80C° X

Detector: PbS, 290° K

Values of E! « 104 E, where E is in erga/(aec-cm4

o
ud

o |
),\/,

Surface Tempzrature =

g i 0.033
50 0.033
15° 0,033
30° 0.034
60° 0.035
90° 0,035

Surfece Temperature =

15 0.039
g7 0.039
15° 0,039
30° 0.039
60° 0.042
90° 0.042

Surface Tempersture =

i? 0.046
5° 0,049
15° 0.056
30° 0.C56
60° 0.063
90° 0.063

Surface Temperature

12 0.070
5 0,076
150 0.07
30- 0.076
60° 0.078
90 0.081

6,000
98¢ €

0.0073
0.0073
0.0076
0.00€0
0.CCES,
0.0085

o
207 ¢

0.0086
€.0086
0.0087
0,0094
0.0093
C.0098

0.011
0.012
0.011
0.012
0.014
0.015

A0° £

0.014
0.015
0,016
0.018
6.01¢
G.019

Renge in Meters

10,000

0023
024
25
28
30
30

D060 000

o
o
0
0
o

o
.
£
L]
€
£

A0 N

0,002¢8
0.0029
0.0030
€.0032
0.0035
0.0035

0.0032
0.0035
0.0038
0.0045
0.0054

0.0042
0.0044
0.0051
0,0061
0.0067
0,0067

20,000

- -

0.00049
0.00061
0.00062
0.,00075
0.00076

0.00060
0,00065
0.0C073
0.00075
0.00087
0.0C087

0.00074
0.0C078
0.00083
0.00095
0.0012
0.0013

0.00087
0.00095
0.0011
0.0014
0.0017
0.0017

)

-m im ww @» o

0.00026
0,00030
0.000323
0.00034

0.00025
0.00027
0.00032
0,00035
€.00039
0,00039

0.CCC31
0.00035
0.00037
0.00042
0.00053
0.00056

0.00035
0.00039
0.00049
0.00063
0.00074
0.00074

g(
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Values of E! = lOA E, where E is in erga/(sec-cm‘)

3,000

Terperaturs

0.0024
0,002
0.0C25
0.0020
05,0027
0.00286

Temperature =

S.C030
0.0031
0.0032
0.6033

0.2035
0,0038

D4

> Temperature

0.0240

Tenperature =

0,0060

0 nnén
ERVAVIND

U006
00,0057
¢,0070
0.0070

mat

‘-

Source Tempersture €00° X

Detector: PbS, 290° X

Range in Meters

6,000

¢

(€3 )
\J5

C.00049
0.GC0.9
0.00053
0.00057
0,0006.,
C.00065

207 C

0,00065
0.(K066
G .00070
0.00075
0,C008Y.
0.00085

0.0008,
0.00055
0.Q2089
0.00il
0.c0%2
0,002

=10° 8

0.0C032
0.0012
0.0014
0,0016
0,007
0.0017

1)

Y
L0

10,000

6.00013
0.00015
0,00017
0.00019
0.00022
0.00023

0.02020
C.00G21
0.00022
0.00026
0.00029
0.00030

C.0G026
0,00027
0.0002C
0,00035
0.000/1
G.00045

0.00037
0,00038
0.000.45
0.00051
0,00057
0.00060

20,000

- - o w-—

000047
0,000056€
0.000058

C.000033
0.0C0044
0.000054
0.000062
0.000C71
G3.,00C074

0.000056
0,000060
0.000069
0.0000890
0.00010
0.00011

0,000071
0.00007¢
0,000095
£,00012
0.00014
C.00015

30,000

-t - -

0.000016
0,000021
0.000025
0.000026

0,000015
0.000018
0.000023
0.,0C0027
0.000032
0.000033

0.000022
0.000025
0.C0C030
0.0C0035
0.000046
0.000049

0,000029
0.000032
0,000042
0.000053
0,000064
0.CC0067

tn

A

POLAROID CORPORATION — RESEARCH DEPARTMENT
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POLAROIL CO_RPORATION —~ RESEARCH DEPARTMENT
Table ¥
. Scurer Temperature 500° X
Detector: Fbs. 290° K

Values of E' » 10% E, where E is in ergs/ (sec-cm4)

Henge in Meoterse

20,000

3,000 6,000 10,000 30,000
Surfece Temperature = 35° C
i@ 0.00032 o,000059 5. 00000 || evesiiees 0 meewsii
5° 0,00022 0.000059 2.000017 0.0000033 ~-mecem-=
150 0.00034 0.0C0065 )., 000020 0.0000044 0,0000019
30° 0.00035 0.000073 ),00002/ 0.0000057 0.0000025
60° 0.00035 0,000087 3.000030 0,0000075 0,0000033
90° 0,00035 0.000090 3,000032 0.0000080 0.0000035
Surface Temperatuvre = 20° C
10 0.00039 0.000083 0.000026 0.0000051 0.0000018
50 0,00039 0.000085  0,000027 0,0000057 * 0.0000023
15° 0.00039 0,000090 0.000030 0.0000071 0.0000031
30° 9.00039 0.000052 0.000032 0.0000080 0.,0000035
60° 0.00042 0.,000097 0,000035 0.0000088 # 0.0000039
. 90° 0.,00046 0.00009%7  0.000035 0.0000088 0-0000039

Surface Temperature = 59 ¢

52 0.00060 0.000097  0,000032 0.0000073 0.0000031
59 0.00064 0.00010 0.000033 0.0000078 0.,0000033
15° 0.00067 0.00011 0.000035 0.0000088 9.0000038
30° 0.00071 0.00013 0.00004). 0.0000095 0.0000042
60° 0.00078 0,00017 0.000057 0.000014 0.0000064,
90° 0.00078 0.C0018 0.000C60 0.000015 0.0000066
Surfuce Temperature = -1c° ¢

he 0.0008. 0,00017 0.000048 0.0000088 0.0000035
5° 0.C0088 0.00018 0,000051 0.0000095 0.0000039
15° 0.00092 0.,00019 0.000060 0.000013 0.0000053
30° 0.00092 0,00021 0.000073 0.000017 0.0000078
%0° 0.00095 0,00022 0.000083 0.000021 0.0000092
90° 0.,00099 0.00024 0.000083 0.000021 0.0000092



POLAROID CORPORATION - RESEARCH DEPARTMENT

Teble X1
Source Temperature 400° ¥
Detector: FbS, 296° &
Values of Ef = 10% E, where E is in ergs/(sec-cm‘)
Renge in Meters
3,000 6,060 10,000 20,000 30,000

Surface Tempersture = 35° C

45t 0,000015 0.0060032 8.3 x 10_)  mmem;ceee  eeeeoees
o 0.000015  0.0000032 9.2 x 107/ 1.4 21077 ---eoee- "
15° 0.006015  0.000003, 1.1 %100, 2.4 x1077 .9 x107,
30° 0,000016  0,0000036 1.3 x 1C_g 3.0 x 1077 1,3 x 10,
60° 0.000016  0.0000038 1.4 x 107/ 3.4 x 1077 1.5 x10 .
90° 0.000015 0.0000038 1.4 x 10 3.4 x 1077 1.5 x 107
Surface Temperature = 200 C

10 0.000017  0.0000040 1.3 x107% 2.5x1077 8.8 x 107
50 0.000017  0.0000040 1.3 x107% 2.9x107 1.1 x107
150 0.000018  0.0000040 1.4 x107® 3.3x1077  1.5x10,
300 0.000018  0.0000042 1.4 x 107  3.6x1077 1.6 x 1077
60° 0.000019  0.000004 1.6 x 1078  3.9x1077  1.7x107]
900 0.000019  0.0000046 1.6 x 10°® 4.0 x 1077 1.8 x 10
Surface Temperature = 5° C

18 0.000029 0.0000046 1.5 x 1o'2 3.4 x 10:3 1.4 x IO-Z
50 0.000029  0.0000046 1.5 x 1072 3.6 x1077  1.5x10,
15° 0.000033  0.0000050 1.6 x 1072 3.8 x 1077 1.7 x10_,
300 0.000037 0.0000064 1.9 x 100 4.5 x 107 2,0 x 10 _,
60° 0.000049 0.0000089 2.9 x 10'2 7.2 x 107/ 3.2 x 107,
90° 0.,000051 0.0000058 3.2 x 10°¢ 8,0 x 16~7 3.5 x 10
Surface Tempersture = -10° C .

19 0.000055 0.0000689 2.2 x 10:2 3.9 x 10_2 1.6 x 10_2
52 0.000055 0.0000058 2.4 x 1077 4.3 x 10_, 1.7 x 1077
15° 0.000058 0.000012  3.3'x 107, 6.4 x10 2,6 x 1077
30° 0.000060 0.000013 4.4 x 107, 1.1 x 10 ¢ 4.9 x 1077
60° 0.000063 0.000015 5.7 x 107, 1.3 x 10 ¢ 5.8 x 1077
90° 0.000065 0.000015 5.4 x 107 1.4 x 10 6.0 x 10




30,000

20,000

POLAROID CORPORATION — RESEARCH DEPARTMENT
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10,000

Range in Meters

Detector: PbS, 290o K

Source Tewporature 350
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35° ¢

Values of E' = 10% E, where E is in ergs/(sec-cn®)
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POLAROID CORPORATION — RESEARCH DEPARTMENT

Teble Xiil

Scurce Terperaturc: 1000° X
Detector: FbS, 195° K

Values of E' = 101‘ E, where E is in ergs/ (sec-om‘)

Range in Heters

3,000 6,000 10,000 20,000 30,000
Surface Temperature = 35° C
10 0.23 0.049 0.01/ cmmenm eeeee-
50 0.23 0.049 C.015 0.0028 = cemceea
15° 0.23 0.051 0.017 0.0037 0,0016
30° 0.23 0.055 0.019 0.0045 0,0020
60° 0.24 0.057 0,020 0.0051 0.0023
g0° 0.2/ 0.058 0.021 0.0052 0.0023
Surface Temperature = 20° C
1° 0.25 0.059 0.01% 0.0039 0.0014
50 0.25 0.059 0.020 C.0C44 0.0018
15° 0.25 0.060 0.021 0.0048 0.0021
30° 0.26 0.062 0.022 0.0054 0.0024
. 60° 0.28 0,065 0.023 0.0057 0.0025
900 C.29 0.067 0.024 0.0059 0.0V26
Surface Tempersture = 5° C
! 0.37 0,067 0.022 0.0051 0.0021
B 0,37 0.067 0.022 0.0053 0.0023
15° 0.39 0,073 0.02., 0.005% 0.0025
30° 0.42 0.085 0.027 0.0064 0.0029
60° 0.46 0.10 0.035 0.008&7 0,0039
90° 0.48 0.11 0.038 0.0095 0.0042
Surface Temperature = -10° ¢
1° 0.51 0.10 0.029 0.,0057 0.0025
59 0.51 D11 0.C32 0.0062 0.0025
152 0.53 0.12 0.03¢ 0.0080 0.0035
307 0.55 0,12 0,040 0,010 0.0046
600 0.56 0.13 0,048 0,012 0.,0053
90 0.56 014 0.049 0.012 0,0055



e

POLAROID CORPORATION — RESEARCH DEFPARTMENT

Table XIV

o .
Source Temperature: 800 ¥

Detector: Pbs, 195° k
Values of E!' = 104 E, where E ig in erga/(aeo-cm&)

R-nge in Meters

3,000 6,000 1C,500 20,000 30,000
Surface Tempersture = 35° C
10 OuCZ‘() 000098 000027 SMEGmeEs 000000 Sesaeeecs
50 C.046 0,0098 0.,002¢ oM 2 01 L ——
15° 0,046 0,010 0.0032 0.00073 0.00032
20° 0.048 0,011 0.0037 0.,00088 0.00039
€n° 0.045 0,012 0,0041 0,0010 0,00046
50° 0.049 0.012 0.0041 0.0010 0.00046

Surface Temperature = 20° C

12 0.053 0.012 0,0038 0.0C076 0,00029
' 50 0.053 0.012 0.0040 0.000g8 0.00035
157 0.053 0,012 0.0041 0.0010 0,00042
307 " 0.055 0.013 0.0044 0,0011 0.00049
.0 0.056 0.013 0.00/8 0.0012 G.,00053
90 0,058 0.014 0.0048 0,0012 0.00053
Surface Temperature = 5° ¢
12 0,072 0.012 0.0046 0,0010 0,00042
50 0.07; 0,014 0.0048 0.0011 0.,00046
15° 0.085 0.015 0,0049 0.0012 0,00053
30° 0,092 0.018 0.0056 0.0012 0.,00058
60° 0.10 0,022 0.0075 0.0018 0,00081
a0® 0.11 0.024, 0.0083 0.0021 0.00092
Surface Tempergture = -10° ¢
1° 0.12 0,022 0.,0060 0.0012 0,00051
59 0.12 0,024, 0.,0067 0,0013 0.00053
15° 0,12 0.026 0.00€3 0,0017 0.00072
30° 0,13 0.029 0.,0099 0.0024 0.0011
60° 0.13 0.021 0.011 0.0028 ¢.00C12
50° 0.13 0,032 0,011 0.0029 0.0013



POLAROID CORPORATION — RESEARCH DEPARTMENT

Takle XV
Source Temperature: 600° K
Detector: PhS, 165°
Velues of E' = 10% E, where E is in ergs/ (sec-'cml’)

Rangs in Meters

3,000 6,000 10,000 20,000 30,000

Surfece Tempereture = 35° C

1° 0.0028 0.CC053 D001 = seremmem Gnseswes

50 000028 OanSB 0¢00015 0.000028 --------
15° 0.0028 0.00058 0.00018 0.000039 0 ,000017
30° 0.00320 0.00065 0.00021 0.000051 0.000023
60° 0.0031 0.00073 0.00025 0.00006¢ 0.000028
90° 0.0031 0.00075 0.07026 0.0C0066 0.000029
Surface Temperature = 20° €

1° 0.0033 0.00G74 0.00022 0,000041 0.000015

50 0.0033 0.00074 0.0CC24, 0.000048 0.000019
15° 0,003% ¢.0C077 0.00026 0.000060 0.000026
30° 0,0034 0.0C080 0.00028 0,000070 C.000031
€0o° 0.0035 0.0C08/ 0.00030 0.CC0074 0.000033
90° 0,0035 0.000&3 0.00031 0.000077 0,000034
Surfeace Temperstiure = 52 ¢

) 0.0060 0.00087 0.00029 0.000063 0,000024

50 0.0060 0.00087 0.60029 0.000068 0.000029
15° 0,0063 0.00094 0,00031 0.000073 0,000032
302 0.0071 0.0012 0.00035 0.0000€&0 0.,000035
60, 0.00€1 0.0017 0.00057 0.00014 C .000060
90 0.0083 0.0018 0.00040 0.00015 0.000064
Surfuce Temperatire = -10° €

12 0,0095 0.0017 0,00041 0.00007, 0.000031

5 0.0095 0,0018 0.,00048 0.000078 0,000032
15, 0,010 0.0021 0.00063 0.00012 0.000050
0, @012 0.0023 0.00078 0.00018 0.0000€3
60, 0,011 0.0026 0.00090 0.00021 0.000099
90 0.011 0.0027 0.00092 0,00023 ¢.00010



Surface Temperature = 357

10
50
15°
30°
600
900

POLAROIO CORPORATION — RESEARCH DEPARTMENT

Table XVI

vetector: PbS, 195O K

o
Source Temperature: 500 K

Values of E' » 10% E, where E is in ergs/(sec-cnf)

000
YA

0.00035
0.00035
€.00035
€.00037
0.0N039
0.00041

Surfoce Temperature

10
&0
rd

0.00046
0.0C046
0.00046
0,00048
0,00049
0.00049

Surfsce Temperature

10
50
158
30°
600
90°

Surface Temperature

0.00071
0.00074
0.00092
0.0011
0.0013
0.0014

0.0017
0.0017
0.001€&
6.0019
0.0020
¢,.0020

. Renge in Meters

6,000
C

0.0000€6
0.000066
0,000072
0.000080
0.000C8g9
0.000093

C

€,0000%7
0.000097
0,00010 ¥
0.00011
0.00011
0.00012

C.00011
0.00012
0.00013
0.00016
0.00025
0.00030

-10° ¢

0.00026
0.00030
0,00036
0.00041
0,00046
0.00048

15,000

0,000019
0.000620
0.000022
0.00C027
0.000032
0.000033

0.000031
0.000030
0.,000033
0.000036
0,000041
0,000041

0.000038

0,000039
0.000041

VoW W

0.000048
0.000080
0.0000&9

0.000054
0.000060
0.000099
C,00014
¢.00016
0.00017

20,000

- o ———-

¢ .0000637
0.,0000050
0.0000064
0,0000C79
0.0000080

0.0000052
0.0000060

0.0000075 ¥

0.00000¢8
0.000010
0.000010

0.0000079
0.0000088
0,000010
0.000011
0.,000019
0.000021

0.000C10
0.000011
0.000017
0,000032
0.000040
0.000242

- e . - -

e . . -

0.0C00022
0,0000028
G.0000035
0.0000035

0.C000020
0.0000024
0.000C033
0.0000039
0.0000046
0.0000046

0.0000030
0,0000035
0.0000042
0.0000049
0.0000085
0.0000095

0.0000042
0,0000046
0,0000064
0.000014
0.000018
0,000019



POLAROID CORPORATION — RESEARCH DEPARTMENT

Table XVII
Source Temperature; AOOo ¥
Detector: PbS; 195° x
: 4 4
Values of E' = 10 E, where E is in ergs/(sec-cm )

Henge in Melere

3,060 6,000 10,500 20,000 30,000
Surface Tempersture = 35° C

19 0.000029 0.0000035 9.9 % 1077  wmsmscssss  ecwee—eees
50 0.000019 0.0000035 1.1 x 10_2 PO Y e
15° 0.000019  0.0000040 1.2 x 1077  2.7x 107  1.2x1077
30°¢ 0,000020 0.0000042 1.4 x 307, 3.4 x 1077 1.5 x 1C™7
60° 0.000020  0.0000048 1.7 x 167,  4.2x 1677 1,6 x 1077
9P 0.000021 0.0000050 1.7 x 10 4.3 x 1077 1.9 x 1077
Surface Temperature = 200 ¢

10 0.000023 0.0000045 1.5 x 10”2 2.9 x 10:3 1.1 x 10:3
50 0,000024 0.0090046 1.6 x 107° 3.3 x 107, 1.2 x 1077
150 0.,000025 0.0000053 1.7 x 107 4.0 x 1677 1.7 x 10
30° 0.000026  0.0000058 1.5 x 1078 4.7 x 1077 2.0 x 1077
60° 0.000028 0.0000063 2.2 x 1079 5.6 x 107/ 2.5 = 10
50° 0,000030 0.0000067 2.3 x 10° 5.7 x 10 2.6 x 10
Surface Temperature = 5° C

10 0.000056 0.0000069 2.0 x 1076 4.1 x 1o:§ 1.6 x 10:5
50 0.000062 0.0000065 2.1 x 1070 4.6 x 104 3.5 10
150 0.000078 0.00072078 2.3 x 107, 5.2 x 10_, 5.8 x 10"
200 0.000095 0.003912 3.2 x 107F 6.7 x 10 g 2.9 x 10:3
&0 0.00012 0.000022 7.3 x 1072 1.7 x 10_¢ ud x 1077
900 0.00013 0,000026 7.6 x 10° 2.1 x 10 5.2 x 107
Surface Temparature = -30° ¢

1° ©.00015 0,000022 4.5 x 1070 5.6x2077  2.2x107]
50 0.90016 0.000027 5.1 x 1077 6.2 x 1077 2.5 x 107,
15" 0.00017 0.000032 2.7 x 1070 1.4 x 107/ 4.9 x 107,
30° 0.00017 0.000037 1.2 x 1972 2.9 x 1078 1.3 x 107
609 0.0c018 0.000042 1.5 x 1072 3.7 x 10 ¢ 1.6 x 10 ¢
50° 0.52018 6.000043 1.5%1077  3,7x1 1.7 x 10




30,000

20,000

POL.AROID CORPORATION — RESEARCH DEPARTMENT

x 1077
-7

fleange in Meters
10,000
2.9

Table XVIII
Source Temperature: 350° K
Detector: PbS, 195°
6,000

0.,0000026
0.0000026
0.000C027
0.0000029
0.,0000030
0.00CC030
0.0000035
0.(000035
0.0000037
0.0000037
C.0CC004L
0,0000046
0.800010

0.000011

0.000017

0.000020

0.000020

0.000014

Values of E' = 104 E, where E is in erga/(aeo-cﬁA)
3,000
Surface Temperature = 35° C
Surface Temperature = 20° C
Surface Terperature = 5° C
Surface Temperature = -10° C

-0 0O \C D
4. 1 3t
COO0OO0O0O0
[ N N e W W
MM KK KN
Qoo N
U W IS N

x 1076 7
X 10"'6
x 10’6
x 10'2
X }0-6

9
3
0
7
2
4 x 10

[ 4
.
[
.
]
.

3
4
5
5
6
6

0.0C0023
0,000023
0.000025
0.,000026
0.000027

0,000026
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POLAROID

Teble 41X
Source Temperaturc: 1000° K

, o
Detector: b3, 60 X

Range in Meters

6,000 10,000
35 ¢
0.075 6.023
0,075 0.024
¢.080 0.026
0,085 0.029
0.089 0,031
0,089 0.032
2% ¢
0.099 0.030
0.089 G.031
6.090 0,032
0.097 0.033
0,10 0,036
0.11 0,038
50 ¢
0,11 0.033
0.11 0.035
0.12 ¢.038
0.3 0.043
0.15 0,053
0.16 0.056
S10° €
0.15 0.046
0.16 0.048
0.17 0.056
0,18 0.064
0.19 0.070
0.20 0,070

104 E, where E is in ergs/(sec-cm

20,000

[P L

0.0049
0,0060
00,0072
0.0079
0.0080

0.0062
0.006¢
0.0077
0.0082
6.0090
0.0094,

00,0078
0.0080
0.008g
0,010
0.013
0.014

0.0091
0.0095
0.012
C.016
0,017
0.017

@ v o .o

0.0025
0.0028
0.0034
0.0037
0.0040
0,0041

0.0032
0.,0035
0.0039
0.0046
0.0056
0.0062

0.0037
0.0041
0.0053
0.C067
0,0078
0.0078

N

~.

CORPORATION — RESEARCH DEPARTMENT




POLAROID C‘ORPORAYION — RESEARCH DEPARTMENT

Table XX
Source Temperature: £00° X
Detector: Pb3, 90° K
Values of E¥ = 104 E, where E is in ergs/(seb-cm‘)

Range in Meters

3,000 6,000 10,000 20,000 30,000

Surface Temperature = 35° C

10 0,030 0.021 0.0067 mmeeen eemana -

9 0.092 0.021 0.0058 0,004 = cmmmm-a
15° 0.092 0.022 0.0073 0.0017 0,00076
30° 0.092 0.022 0.0n080 0.0019 0.00085
60° 0.095 0.023 0.0083 0.0021 0.00092
90° 0.098 0.023 0.0083 0.0021 0,00092
Surface Temperasture = 2C° C

1° (P 5 0.023 0.0073 0.0017 0,00072

50 0.11 0.023 0.0081 0,001% 0.00081.
15° 0.11 0.024 0.0083 0.0020 0.000€8
30° 0.11 0.026 0.00€3 0.0022 0.00097
60° 0.12 0,027 0.0C97 0.0024 0.0011
900 0.12 0,028 C.010 0.0025 0.0011
Surface Temperature = 5° C

1° 0.14 £.028 0.0091 0.0021 0.00088

50 0.15 0.029 0.0092 + 0,0021 0.00092
150 0.16 0.030 0.010 0.0024 0,0010

s & &=
30° 017 0.035 0.c11 0.0029 0.0013
60° 0.18 0.040 0.014 0,0035% 0.0015
90° 0.18 0.043 0.015 0.0037 0.0016
Surface Temperature = -10° C

1° 0,20 0,041 0,012 0.0024 0.000G97
5¢ 0.20 0.043 0.013 0,0026 G,.0011
150 0-20 00046 00015 000033 000014
30° 0.21 0.049 0.017 0,0041 0.0018
60° 0.21 0,052 0.018 0.0046 0,0020
90° C.22 0.053 0.019 0.0047 0.0C21

4
’



POLAROID CORPORATION — RESEARCH DEPARTMENT

Table XX1
Source Temperature: 600° K
Detecter: PBE, 900 K
Values of E' = 10% E, wtere E is in ergs/(seo—cmA)

enge in Meters

3,000 6,000 10,000 20,000
Surface Temperature = 35° C

1 0,0065 0.0015 0,00043 = eemece-e-
P 0.0067 0.C015 0,00048 0.000088
15° 0.0067 0.0015 0.00051 0.00012
3¢° 0.,0069 0,0016 0.00056 0.00013

c 0,0072 0.0017 0.00060 0.00015
9 0.0074 0.0017 0.,00060 0.00015
Surfece Temperature = 207 @

1° 0.0085 0.0018 0.00057 0,00012
50 0,0088 0.0018 0.00059 0 .00013
150 0,0092 0.,C019 0.00060 0,00015
3 0.0095 0.0020 0.00G70 0.0C017
60° 0,011 0.002/ 0.00023 0.00021
90° 0,011 0.0025 0.00086 0.00022
Surfsce Temperature = 3° C

10 0.014 0.0025 0.00072 0.00015
50 0.014 0.0025 0.C0075 0.00016
15° 0.015% 0.0028 0.00086 €.00019
300 0,017 0.0034 0,0010 0,00025
60° 0,019 0.0041 C.001Z 0.00034
502 0.015 0.0043 0.0015 0.00037
Surfece Temperature = -iC° ¢

10 0,021 0.0041 0,0011 0.00020
50 0,021 0.C042 0.0013 0.00023
15° 0,022 0.0048 0.0015 0.,00033
30° 0,023 0.0051 0.0C18 0.00042
60° 0.023 0.0055 0.0020 0.00048
90° 0,023 0.0557 0.0020 0.00049

Ia]
0,00CC51

0.000060
0.000067
0.000067

0.000049
0,000055
0.000064
0,000074
0.000092
0.,000095

0,000064
©,000067
0,000083
0.00011
0.00015
0,00C17

€.000078
0.000092
0,00014
0.0C019
0,00021
0.00022

\
N

d




Values of

3,000

Surfece Tempersture

0.0017
0,0017
0.0017
0.0C1E
0.0019
0.0019

Surfuce Temperaturs

10
50
15°
30°
600
90°

0.0021
0.0021
0.0022
0.0023
0.0025
0,0C25

Surfaece Temperature

0.0034
0.0035
0.0037
0.0039
0.0042
GC.0042

Surface Temperature

0.,0046
0.,0046
0,0046
0.0C47
0.0048
0.0048

joll

H

1]

POLAROID COR‘PC‘RATION — RESEARCH

Table XXI1I
Source Temperature: 500°
Detector: Phs, 90° K
= 10% E, where E is in ergs/(sec-cma)

nenge in Meters

6,000 10,000 20,000
35¢ ¢
5.0003) 0000080 2 scvmosas
0.,0003. 0.00010 0.000019
0.00037 0.00012 0.0C0025
0.00040 0.0001.4 0,000033
0.0C044, 0.00015 0.,000029
0.0004& 0.00016 0.000041
20° ¢
0.00046 0.00014 0.000027
0.00025 0.00015 0.000031
0.00049 0.00016 0.000037
0.00050 0.00017 0.000043
0.0005% 0.00019 0.000049
0.,00057 0.00020 ¢ .,000051
50 ¢
0.00058 6.00018 0.000038
0.00058 0.0001& 0.000042
0.00065 0.00020 0.000047
0.00080 0.00025 C.0C0057
0.00098 0.00033 0.000080
0.0010 0.00035 0.000088
1g° ¢
0.,00098 0.00028 0.000049
0.0010 0.00030 0.000053
0.0011 0.00035 0.000077
0,001 0.00037 0.000088
0.0012 0.0003¢ 0.000095
0.0012 0.00042 0.00010

30,000

0,000011
0.000014
0.000017
0.000018

0.000010
0.000012
0,000017
0.000019
0, 000022
0.000023

0.000015
0.,000017
€ .000020
0,000026
¢.000035
0.,000039

0,000019
0.000022
0.,000033
0.000039
0.000042
0.000047

DEPARTMENT
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POLAROID CORPORATION — RESEARCH DEPARTMENT ‘

Table XXI111
Source Temperature: 400° K

Detector: Pb3, 90° X

4 , 4

Values of E' » 107 E, where E is in ergs/(sec-cm”)

Range in Meters

3,000 6,000 10,000 20,000
Surface Temperature = 35° C

1°  0.00021 0.,000045  ©0.000013 = =emeemeeo-
50 0.00021 0.000045 0.000014, 0,0000031
15° 0.00021 0.060049 0.000016 0.,00000.0
20° 0.00022 0.000051 0.000017 0,0000048
60° 0.00023 0.000054 C,.00C019 0.,0000054
90°  0.00023 0.000055  0,00C020 0.0000055
Surfece Temperature = 20° C

g 0.00025 0.,000056 0,000018 0.0000030
50 0.00026 0.000056 0.000019 0.C000046
15° 0.00027 0.000058  Q.000020 0.0000053
30° 0.00028 0.000062 0.000921 0.0000058
60° 0.00030 0.000069 0.000G24 0.0000069
g90°  0.00032 0.000071  0.000025 0.,000007C
Surface Temperature = 5° C

10 0.00039 0.000071 0.000022 0.,0000054,
ik 0.00041 0.00007%2 0.000022 0,0000057
150 C.00044 0 .000080 0.0000:25 0.0000065
30¢ 0.00046 0.000697 0.,.000030 C.0000079
60¢ G.00049 0.00011 0.000040 0.000011
90° 0.00050 0.00012 0.000041 0.000012
Surface Tempersture = -10° C

lg 0.00051 0.,000097  0.000033 0.000006¢
5 0.00051 0.00012 0.000035 0.0000073
157 0,00052 0.00013 0.000041 0,000010
300 0.00052 0.00013 0.000045 0.000012
000 0,00052 0.00013 0.000046 0,000013
90 0.00052 0.00013 0.000047 0.000013

30,000

0,0000016
0,.0000019
0,0000021
0.0000022

0.0000010
0.0000017
0.0000020
0.0000023
0.00C0027
0,0000028

0.0000020
0.0000021
0.0000025
0.0000031
0.0000042
0.0000046

0.0000N24
0,0000027
0.0000039
0.0000050
0,0000051
0.0000051




POLAROID CORPORATION — RESEARCH DEPARIMENT

Table XXIV
Source Temperature: 3500 ¥
Detector: PbS, 90° C
Velues of E' = 10% E, where E is in ergs/(sec-ocm%)
Kange in Meters

3,000 6,000 10,000 20,000 30,00

Surface Temperature = 35° C

10 0.000051 0.000011  0.0000029 «w=—=--- g memeeee-
bd 0,000051 0.000011  0.0600035 O 5
150 0.000053 0.000012  0.0000035 1077 3.2 x 105
300 0.000053 0.000012  0.0000043 1077 4.6 x 107/
600 0.00CC55 0.000013  0.000C048 207/ 5.3 x 107,
000 0.000056 0,0C001L3  0,0000048 10 5,3 x 10
Surface Tempersture = 20° ¢

10 0.000060  0.0C0Gi3  0.0000045 x 1077 3.1 x 1077
50 0.000060 0.000013 0.0000045 % 10 e 3.9 x 10,
15° 0.000061 0.000014  0.0000048 x 107/ 4.9 x 107,
30° 0.00006/, 0.000014  0.0000051 x 1°:c 5.7 x 10_,
60° 0.000067 0.0000156 0.0000056 X 1o_6 6.2 x 10,
o0° 0.000070 0.000016 0.0000057 x 10 6.4 x 10
Surface Tempersture = 5° C

1° 0.000081 0.000016  0.0000051 % 10:2 4ol x 2077
5° 0.000085 0.000016  0.0000052 x 10" 5.3 x 10~
15° 0.000088 0.000018  0.0000057 x 10, 5.8 x 107/
30° 0.000092 0.000020  0.0000064 x 1070 7.0 x lo_é
60° 0,000095 0,000022  0,0000079 x 1077 g.€ x 1077
90° 0,000095 0.000023  0.0000CE3 x 10 9.2 % 1C
Surfece Temperature = -10° ¢

10 0,00010 0.000023  0.0C00070 x 10'2 5.6 x 10_;
59 0.00010 0.000023  0.0000073 x 107/ 6.2 x 1077
15° 0.00010 0.000024  0.0CCOOE3 x 1077 8.1 x 1077
30° 0.,00010 0.00002  0.0000CEE x 1070 9.5 x 207,
60° 0.00011 0.000026  0.0000092 x 1079 1.0 x 1072
90° 0.00011 0.0C0027  0,0000094 x 10 1.0 x 10



Surface Temperature

10

50
159
300
400
o0¢

Surface Tempsrature

10

O
J 59
30°
60°
oo®

Surfr

Surtsce Temperature

Values of E' = 10

3,000

0.44
0.44
0546
0.46
09158
G.49

o

D0 O OO D
A A VT A AN
(e AR WO I S

e ® o e @

ce Temperature =

0.E=
0.67
0,70
0.71
c.78

0.78

0.83
0.85
0.86
0.88
0.E8
0.90

Source Tcmperature: 1000° X

Detect

A

wilo RN R

50

loNoNoRoNGN o]

L] L] 1 2 - .
b pod ped bl B
OO WW

~10° ¢

CQOQOOO0OO0OO0
N A N AY
NNOHOW®D

POLARCID CORPORATION — RESEARCH

Table XXV

or: PbSe, 195° K

Rsnge in Meters

10,000

eNoRoNe Na o]

0.037
0.038
0.041
0.044
0,047
0.048

0.044
0.044
0.048
0.053
C.062
0.065

0.056
0.059
0.065
0.073
0.076
0.080

E, where E is in -ergs/(sec~cm ")

20,000

-en ey -

0.0076
0.0084
0.010
0.Ci1
0.012
0.012

0.010
0,011
0.012
0.013
G.015
0.016

0.012
G.012
0.015
0.017
0.019
0.020

4y

0.0041
0.004%
0.0049
0.0056
C.0069
0.,0073

0.0049
0.0051
0.0062
0.007¢
0.0085
0.008¢

DEPARTMENT




POLAROID CORl'ORATlON — RESEARCH DEPARTMENT

Table XXVI
Source Temperature: £00° x
Detector: PbSe, 195° C
Values of E' o 104 E, where E 35 in erge/(eed-cma)

fangs in Meters

3,000 ¢,000 10,000 20,000 30,000

Surface Tempereture = 35° C

1 0.14 ©.029 BEOBE 2 sssewnbs 000 ecemmes

53 0.14 0.029 0.0002 0.0018 = cemmee-
158 0.14 0.032 0.010 0.0023 0.0010
3¢° 0.14 0.034 0.011 0.0028 0,0012
£0° 0.15 0,035 0.013 0.0032 0.0014
50 0,15 0.035 0.013 0.0032 0,0014
Surfuce Tempersture = 20° ¢

1° 0.16 0.03¢ 0.012 0.0024 0.00095

5° 0.16 0.035 0.012 0.0026 0.0011
15° 0.16 0.036 0.013 0.0031 0.0013
30° 0.16 0.037 0.013 0.0033 0.0015
60° 0.17 0.040 0.014 0.0035 0.0016
90° 0.18 0.041 0.014 0.0036 0,0016
Surfece Temperature = 5° c

12 0,20 0.041 0.013 0.0032 0.0013

5 0,21 0.042 0.014 0.0033 0.0014
L0 0.22 0.04/, 0,016 0,0C34 0.0015
30, 0.23 0.050 0.017 0.0040 0.0017
60 0.24 0.056 0,020 0.0048 0.0022
90 0.2/ 0.057 0.020 0.0050 0,0022
Surface Temperature = -10° ¢

1> 0.25 0.056 0.018 0.,0035 0.0015

2 0.25 0.057 0,018 6.0037 0.0016
152 0.26 0.060 0.020 0.0047 0.0020
20 0.26 0.063 0,02 0.005/, 0,002,
602 0.27 0.064 0.024 0.0059 0,0026
90 0.27 " 0,066 0.024 0.0059 £.0C26



Surfece Tewperature

10
50
15°
30°
600
90°

Surface Temperature

10

0
o
i5
30°
600
90°

Surface Temperaturs

10

Surfece Temperature

10

50
15¢
30°
60°
o0°

3,000

0,021
00022
0.022
0.023
0.023
0.024

0.025
0.025
C.025
0.026
0.027
0,028

0,031
0.032
0.033
0.034
0.035
0.035

0.03€
0,038
0.039
0.039
0.040
0.04C

it

i

FOLAROID CORPORATION — RESEARCH DEPARTMENT

Table XXVII

Source Tempersture: €00° &

Detector: PbSe, 195° %

6,000
35° ¢

0.0045
0.,0045
0.0049
C.0082
0.0057

0.0058
20° ¢

0.0058
0.0059
0.0060
0.0C62
0.0065
€.0066

5¢ ¢

0.0065
0.0066
0.0071
0.0076
0.0083
0.0086

-100 ¢

0.008&4
0.0087
0.0089
0.0095
0.009€
0.010

nange in Neters

10,000

0.0014
0.0015
0.0016
0.001t
G.0720
0.0020

0019
0.0015
0.0021
0.0022
0.0023
0.0024

0.0022
0.0022
0.0024
0.0025
0.0030
0.0031

0.0027
0.0028
0.0030
€.0033
0.0035
0.0035

Values of E' = 104 E, where E is in-erga/(see-cm‘)

20,000

0.0002¢
0.00037
0.00043
0.00049
C.00052

0.0003¢
0,000
0.00048
0.00053
0.00057
0.00059

0.00049
0.00052
0.00056
0.00063
0.00073
0.00076

0.00057
5.00060
0.00C72
0 .00080
0.00088
0.00088

30,000

0.00023

0,00015
0.00017
0.00021
0.00024
0.00025
0.00026

0.00020
0.00023
0.00025
0.00028
0.00032
0.00024

0.00024
0.00025
0.00031
0.00035
0.00039
0.0003¢




/
Values of E' = 10™ E, where E is in ergs/(sec-om‘)

3,000

Surfeoe Temperature

10
%O

Sur

Sur
-'0
~0
5

15

302

605

90

Surface Tempersture

10
50
15°
30°
600
90°

0.0062
0.0062
0.0064
0,0067
0.0067

0.0067
face Temperature

0,0071
G.CO71
0.0071
0.0072
0.0074
0.C074

face Temperature

0.0085
0.0087
0.0088
6.2062
0.0095
0.0995

0.0099
0.0099
0,010
0,010
0.010
0,010

K]

fl

|

1]

Table XXVIII

o]
Source Tewperature: 500 ¢

Detector: PbSe, 195° ¥

6,000
35° ¢

0.0013
0.0013
0.C014
G¢.0Q15
0.0016
0.0017

0.0017
0.0017
0.0017
0.0017
0.0018
0.0018

59 ¢

C.C018
G.C019
0.9
0.M021
0,0022
0.0023

-10° ¢

0.0023
0.0023
0.0024
0.0025
0.0026
0.0026

Renge in Meters

10,000

0.00038
0.00040
0,000/
0.00051
0.00057
0,00060

0.00051
C.30054
0.00060
0.00060
0.00064
0.00065

0.00062
0,0C064
0.,000¢5
0.00070
¢.00079
0.000E3

0.00073
£.00076
0.00083
0.00087
0.00091
C.00092

20,000

P TS

0,000075
0.00011
C.00012
0.00014
0.00015

0.00010
0.00012
0,00013
0.00015
0.00016
0.00016

0.00014
0.00015%
0.C0016
0.00017
C.00020
0.00021

0.00016
0,00017
$.0C01%
t,,00021
(".00023
(.0¢023

30,000

0.000048
0,000053
0.000063
0.000067

0.000042
0.000048
0,000060
0.000067
0.000071
0,000072

0.000056
0,000064
0.000069
0.000074
0.000088
0,000092

0.000069%
0,000071
0.000085
0.000095
0,00010
0.00010

POLAROID CORPORATION — RESEARCH DEPARTMENT

s
por

-



POLAROID CORPORATION — RESEARCH DEPARTMENT

Teble XXIX
Source Temperature: 400o X
Detector: PbSe, 195° ¥
Values of E' » 10% E, where E is in erge/(seoscmé)

Renge in Meters

3,000 6,000

10,0C0 20,000 30,0006

Surface Tempersture = 35 C

10 0.0C095 0.00020 0.000057 = semneecee cccceccnae
& 0.00095 0,00020 €.000057 0.000015 W c-cccemce-a
150 0.00095 0.00022 0.000070 0.000016 0.0000067
300 0.00095 0.00023 0.,000079 0.000019 0.0000085
6P 0.00025 0.00024 €.000085 0.000021 0,0000095
90° 0.00097 0.00024 0.000086 0.,000021 0.0000095
Surface Tempersiure = 20° ¢

1° 0.G0099 0.00024 0.00008&3. 0.C00017 0.0000063
50 0.0010 G.00024 0.000086 0,000018 0.0000074
1 0.0010 0.00024 0.000086 0.000022 0.0000094
300 0.0010 0.00025 0.0000€8 0.000022 0.0000097
60° 0.0011 0.00026 0.000092 €.000023 0.000010
90° 0.0011 0.00026 0.,0000%2 0.000023 0.000010
Surface Temperature = 5° C

1° 0.0011 0.0C026 0,0C0C89 0.000022 0.000005C
50 0.0011 0.00026 0.000089 $.000G22 0.,0000095
15° 0.0012 0.00027 0.000092 0.000023 0.0000099
3c° 0.0012 0.00028 0.000099 0.000024 0.000011
€0° 0.,0013 0.0C030 0.0C010 0.000026 0.000012
90° 0.0013 0.00031 0.00011 0.000027 0,000012
Surface Teupersture = ~10° ¢

12 G.0014 0.00030 0.00010 0.000023 0.0000097
50 0.0014 0.00031 0.00010 0.000C24 0,000010
150 0.0C14 0.00033 0.00011 0.000026 0.000011
300 C.0C14 0.00033 0.00012 0.000C29 0,000013
600 0.00Y/, 0,00035 0.00012 0.000031 0.000014
g0 0.0C14 0.00035 0,00012 0.000031 0.000014

i&}




Svrface

Sourece Tewperature:

Teble ¥

Detector: PhSe, 195

vy
i

- o]
350

POLARCOID CORPORATION — RESEARCH DEFARTMENT

K

O 4

Velues of E' = 107 E, vhere E is in erge/(séc—cm‘)

3,000
Temperature =

0.00C22
0.00022
0.00023
0.00023
0.00024
0,00024

Temperature

it

0.00025
0,00CR25
C,00025
2.0002s5
0.0C026
0.00026

Tegperature =

Temperature

i

0,0000%0
0.000030
0.000030
0.0C0030
0.0000630
0,00003

Rrnge in Veters

6,000

35 ¢

0.000047
0,0CC0L7
C.000050
0.000055
0.00¢3CsY
0.000C53

20° ¢

0.000059
0,0000532
0.000040
0.,000062
0,000062
0.000063

c

0.000062
0.000054
0.000G665
0.0020¢e
0.C00072
.000672

=10% 6

0.000072
0.000072
0.0000%2
0.00007,
©,0000674
G.CO0075

10,000

0.000014.
0.000015
0.000016
0.000018
0.,000020
0.060021

0.000019
0.000019
C.o0u021
0.000022
0.000022
. 000022

0.000022
0.000022
0.000023
0,000024
0.000025
0.000026

O:OOCC27

20,000

- o e

0.0000032
0.00%0037
0.C000044
0.0000050
0.000C052

C.0000029
N.0000046
0.£000050
5.,0C00054
(:.0000056
0.0000056

0.0000050
0.0000053
0.0000056
0.0000059
0.0000064,
0.0000064

0.00C0056
0,0000057
0.0C00063
C.0CG000632
C .0550067
C.0000067

30,000

Lo e N L

[N T Y PO

0.0000026
0.0000012
0.000C022
0,000C023

0.0000016
C.0000018
0.06000021
0.,0000024
0,0000025
0.00CcCe?5

0.0000020
0.0000023
0.0000025
0.0000026
0.0000028
0.0000029

0,0000024
0.0000025
0.00C0028
0.0000029
0,0000C30
0,0000030

\E



Values of

E! = 10"‘L E, where E is in ergs/(sec-cmA)

Table XXXI

POLAROID CORPORATION — RESEARCH DEPARTMENT

[¢}
Source Tempevsture::100C X

Detector: PbSe, 90° K

3,000 6,000

Surface Temperrture = 35° C
1° 0,58 0.11
50 0.58 09
15 0.60 0.132
300 0.63 0.1
bo“) 0065 ,)¢J5
goc 0.67 0.1¢
Surface Temperature = 20° C
10 0.7l 0,16
£0 0.7 0.16
150 8.7l 0.17
30° 0.71 0,18
6o° C.74 0,1E
90° 0.7/ 0.18
Surface Temperatnre = 5° C

1© 0.85 0.18
50 0,87 Call
15° 0.%0 0.19
30° 0,93 0.20
60° 0.99 0.23
g0° 1.0 0.24
Surface Temperature = -10° C
1° [ 0.23
59 T 02
15° i 0.25
30° 0 2%
€0° 9% 0,28
90° 1:2 0,2

10,000

0,032
0.035
0.040
0.046
0.054
0.056

0.048
0.051
0.056
0.080
0.054

0.0C4

0.062
0 ° 0611.
0.064

0,068
0,082

BRIy

0.073
0.C77
0,085
0.092
0.099
0.10

Ronre In Meters

20,000

L LT )

0,0072
0.008¢
0.011
0,013
0.014

o o e -

0.014
0.014
C.01€
0.017
0.020
¢.022

0.016
0.016é
0.020
0.023
0.025
0.026

- - -

o - -

0.0035
0.,0042
0.0056
0.0067
0.0071
0.0071

0.0053
0.,0060
0.0071
0.0074
0.0088
00,0097

0.,0069
0.0071
0.0081
0.010
0.011
0.011

O\




Velues of E!

3,000

Surface Temperature

e 0,18
£C .18
157 0.19
30° .19
€0° 0.19
90° 0.19

Surface Temperature

;g 0.20
50 0,20
15° G2
30¢ 0.22
60° 0.23
90° 0.24

Surfuace Temperzture

e 0.28
i n.28
15° 0.29
500 0.30
€0° 0,32
60° 0.32

Surface Temperature

12 0.34
50 0.3z
16 038
an .35
60° 0.25
90® 0,35

#

#

i

POLAROID CORPORATION — RESEARCH DEPARTMENT

Tsble XXXIT

S
source Teaperature: £00 ¥

e
Detector: PbSe, 90 K

4

= 10" E, where E is in ergs/(séc-cmé)

6,000
352 G

0.035
0.035
0.039
0,042
0.047
0.048

TR @

0.0/8
0.048
0.049
0,649
0.053
C.,055

5° ¢

0.055
0,056
0.0&1
0.067
@,.07%
0.077

0.075
0.077
0,081
G.0%4
0.0E7
0.089

Ranpge in Metlers

10,000

2,010
0,011
0,013
£,014
¢.016
0.017

S0WwO mm

0.024
0,02¢
0,027
0.029
0,031
0.032

26,000

e oy em o W

0.0021
0.0029
0.0034
0.0041
00,0042

0.0030
0.,0033
0.0040
0.0044
0.0047
0.0C48

0.0041
0,0043
0.0046
0.0C54
0.0065
C.0068

C.0047
02,0051
0.0064
0.0072
0.,0078
0.007¢

30,000

oy -

-~y s e

0.0012
0.0015
0.0018
C.0019

0.0012
0.0013
0.0C17
G,0019%
0.0021
0.0021

C.0016
0.CC19
0.0020
0.0024
0.0029
0.0030

0.0019
0.0021
00,0028
0.,0032
0.0035
0.,0035



Surfeace
10
P

a0

30°

60°

90°

Surface

Values of E' = 10% E, whers E is in-ergs/(sec-c

3,000
Temperature

0.037
0.027
0.039
0.041
0.041
0.042

Temperature

0,044
0.044
0.046
0.046
0.049
0.0L9

Temperature

0.055
C.055
¢.057
0.058
0.060
0.062

Termperature

0,064,
0.06/,
0,055
G057
0.067

0.067

i1

BOLAROID CORPORATION — RESEARCHK DEPARTMENT

Teble XXXIIX

Source Temperature: 600° X

Detrctor: PbZe, 90° K

6,000
35° ¢

0.0075
0.0276
0.0c82
0.0089
C.0C9s
0.010

36° @

0.010

0.01G
0.0m1

o~

0,011
0,012
¢c.012

5°

0.012
0.012
0,012
0.013
0.014
0.015
O r‘

-0 C

0.014
0.015
0.015
0,016
0.017
0.017%

Range in Meters

10,000

N .0020
0.C0z2
0.00286
0.0030
n.0035
0.0035

0.0022
0.0033
0.0035
0.0032
0.0041
0.0041

0.003¢
0.0040
0.0041
0.0046
0.0051
0.0053

0.00,8
0.0050
0.0053
0.005%
0.0C59
0.0060

20,000

0.00042
0.00057
0,00071
0.,00082
0.00cee

0,00060
0.00068
0.00083
€.00095
0.0010
0.0G¢10

0.00088
0.00091
0.0010
0.0C11
0.0C13
0.0013

0.0010
0.0010
0,0012
00,0014
0.0015
0.0015

4

m

)

30,000

r o> om -

0.00025
0.00032
C.0C039
0,00039

0.00022
0.0C028
0.00035
0.00042
0,00046
0.00046

©.00035
0.00035
0,00044
0.00049
0,00056
0.00058

0.00042
0.00046
0.0C053
0.00062
0,00065
0.00067




POLARO!ID CORPORATION — REBEARCH DEPARTMENT

Table XXuTy
Source Tempershture: 500° x
Detecior: PbSe, 90° X
Values of E! = 104 E, where E is in ergs/(sec-cml‘)
Roange in Heters '
2,00 6,000 30,000 2C, 000

Surface Tempersture = 35° ©

g 0,011 0.0022 0.00060 = eccen=ae

5 0,011 3.,0022 0.00067 o, 00012
ot 4 0,011 0.002; 0.00076 0.00017
2 0,017 0.0027 0.00089 0.00021
6P 0,012 0.,0028 0.0010 0.00025
90° 0.012 5,0029 0.0010 0 ,00026

Sorface Temperatura = 20° C

1¢ 0,013 0.0029 0,00022 ©.00017
5 0.013 0.0029 0.00095 0,00020
g 0.013 0.6030 0.0010 0.00025
207 n.014 0,0032 0.0011 0.00027
00 0..034 0,003/ 0,002 0.00029
QP GO 0,0055 0.00i2 £.00030
Surface Tomperature = 5° ¢

i° 0,015 0.00%5 C.0011 0.00025
50 0,016 0,0035 0.0011 0.00026
T G,016 (.0036 0. 0012 0.00029
30° I e 0.0035 0,003 6,00032
6oV @ 0n7 C.0042 0,0015 0.00036
9o° 0,018 0.00.2 0,0C15 C.CO03¢E
furfece Temperature = 19 C

19 0,018 0.6042 0.0C14 u 00030
59 0.0L8 0.C0A3 0.0012 L0003z
15° C.0%Y 0.0044 $5.,0C15 umaﬁc
30° 0.019 0.0547 0.0016 0,000.0
&o” 0,019 0.0CL8 0.0017 . 0.00042
a0” 0.019 0.0049 .,0017 0.000,2

30,000

0.000071
0.000095
0.00011
0,00012

0.00C067
0.0000€x
0.00011
0.00012
0,00013
0.00013

0.0000G¢
0.00011
0.00C13
0.00014
0.00016
0.00017

0.0C012
€.0C013
C.0(016
L./C00LE
$.0C0e
0.00CLe




POLARO!D CORPORATION — RESEARC!! DEPARYMENT

Teble RXXY
Q 0 ’
Source Temperatures; 400 X
Detecter: Phie, $0° K
Values of ! = 10 E, where E is in ergs/(sececmA)

Renpe in Meters

3,000 &,000 10,000 20,000 30,00C

Surface Temperature = 32° C

19 0.0017 0.00033 0000078 = essesses 0 sessswess

50 0.,0017 0.00C33 0.000C8, 0.000016 ecemcemee
10 0,0017 0.00036 0.00C11 0.000023 0.0000099
3P 0.0018 0.C0041 0.00013 $.000031 0.000014
60P 0.0019 0.000,6 0.00P16 0.000040 0.000017
ccP 0,0020 C.0004E 0.00017 0.000042 (.000018
Surface Temperatur: = 20° C

3e 0.0021 0.00048 0.00014 0.000025 0.00C00E5

59 0,0022 0.00049 0.0C015 0.0000320 0.000012
15° 0.0022 0.00051 0.0c017 ¢ .00C038 0.000016
30° 0.0023 0.00L55 0.C0019 0.000046 0.000020
60° 0,0024 30059 0.00021 0.,000052 0.0C0022
90° 0.0024 0.00060 0.00022 0.000054 0.000023
Surfece Temperature = 5° C

iy 0.0025 0.00040 0.00018 0.000040 0.C00015

5° 0.0026 0.00061 0.00020 0.C00044 0.500017
15° C.0024 0.0C064 0.00022 0.C0C051 0.C00021
30° 0.0027 0.,00065 0.00023 0.000056 0.000024
60° 0.002¢ 0.00069 0.00025 0.,0000€1 0.000026
o0° 0.0028 0.0007 0.00025 € .C00063 ,000027
Surface Temperature - -20°% ¢

1° 0,0029 0.00069 0.0002/, €.000052 0.,000020

50 0 0029 0.,600%1 0.00024 0.000056 G.C00022
15% 0.0029 0.00072 £.00025 0.000060 0.000025
:° 0.0079 0.0007, 0.00026 0.000065 {.000028
6c° 0.0020 0.00077 0.0C027 0.000068 0.000029
90° 0.0030 0.00c078 0.00028 0.000070 ©.000030
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lTavie XULVI
Seurce Tempereture: 3507 y
oaitie IS T
Detector: 1b.,CF SR

@

Rauge in Meters

3,000 6,000 10,000
Terperaturs = 35° C
0.,00033 0.00007 7.,0000%9
0.0003% 0,0C0%72 0.000020
0.00042 0,.000081 0.CO00RE
G004 0.200085 0.000020
0.0CCLE 0,00011 0.,0C0035
0.00049 0.00021 {.000040
Temperature = 20° ¢
0.00256 0,00011 0.,000031
0.00058 {.,30C11 0.000033
0,00060 0.000).2 G.0G00040
0.00064 0.00C14 0.000046
0.00C€e7 0.00015 {(1.00C054,
0,00067 0.0C0186 0.000056
Tenpuralure = 52 ¢
0.00071 0.000L6 0.000048
0.00071 0.0001 C.00005]
0.00071 0.00017 0.000056
5,00073 0.00018 0,000060C
0.C0074 0.00028 0.0000%/,
G .000%4, U.00018 0.000065
Temperature = -10° ¢
0. 00076 0.00018 0,000067
0.00C70 0.0001¢ 0,000084,
0.00076 0.00019 0.0C0065
{0.00078 0.74019 0.000667
0.,00078 0,30020 0.000070
C.00078 0.00020 0.000070

104 E, where FE is in ergs/(sec-cmA)

20,000

0.,0000037
0,0000052
C¢.0000072
0.0000088
0.0000095

$.0C00059
0,0000065
0,0000088
0.0C0011
0.000014
0,00001.4

0,0C00095
0,000010
0.C00013
0.000015
0.000016
0,000016

0.000014
0.000014
0.000016
0.000017
0,000017
0.000017

20,000

T - - T

0.0000020
0.0000C 32
€.0000039
0.0C0C042

0.000002C
0 .0000025
0. 0000037
0.00000.49
C.C0o000e0
0.0000062

C.0000034
G.0000042
0.0000056
0.0000067
0,0000071
0.0000073

0.0000C53
0.0000060
0.000C071
0.0000074
0.C0C2078
¢,0000078
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Teble 4
Equivalent Thickness of Water Vrpor in Centimeters
Ranpe in Neters
3,000 6,0C0 10,000 20,000 30,000

Surface Temperature = 35° C

1° 11.5 22.0 38.1 76.4 108.0
50 7.8 21.5 32.8 55,5 7.8
15° 10.1 17.3 24.1 31.8 34.1
30° 8.85 13.40 16,30 18.10 18.35
60° 7.18 046 10,30 10.60 10.60
(STl 6.69 &7 9.05 9.16é 9.16

Surface Temperature = 20° C

10 4.5 35 144 28.9 40.8

50 4.20 g.15 12,35 20.8 27.0
15° 3.80 653 9,02 11.90 12.80
300 .32 5.02 6.10 6.€0 6.89
60° 2.69 3455 3.86 3.96 3.96
9Q° 2.51 3.12 Se4d 3 didy 3.44
Surfoce Tempercture = 5° C

1° 1.75 3.20 5.52 10.8 15.4

50 1.63 3,08 4,78 7.80 10.1
1,59 1.43 2.45 3.38 4.45 4.80
30¢ 1.25 1.82 2.8 2.54 2.58
60° 1,01 1.39 1.45 1.51 1.5
900 0.9 1.19 1.27 1.29 1.29
Surface Temperature = -10° C

1°© 0.€56 1.315 1.97 3.94 5.91

50 0.63 1.18 P 2.97 3.
15¢ B.53 0.93 1.27 1.66 1.80
20° 0.47 0.70 0.85 .94 0.96
60° 0.38 0.50 0.54 0.55 C.55
90° 0.35 0.4 0.47 0.4€ 0.48
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Summary of Avalleble Informeticn on Infrared Target Radiaticn
R. Clarx Jcnes

February 24, 1949

The papers are identified on the list attached at the end of
thie report. '

Japer 1C

This report is a transletior of the summery and bibliography of
a German document, The wain portion of the original document has not
been found. The repcrt is concerned with the total heat redistion from
four cycle motors of umspecified power. 1t is stated thet the total
heat output for the motors studied i1s roughly two percent of the rated
output of the mutors. Correspondingly, the radiation from the exhaust
gases (primorily at 2.7 and 4.3 microns) i1s only about 0.1 percent of
the rated power, The temperature of the exhaust gases decreases ex-
ponentionally in the dircction of the exhesust. The difference between
the exhaust tempercture and the ambient lemperature decreezses to 10
percent of the original velue at &0 ceniimeters.

Paper 20

The measuremente reported are on & single Derwent V jet englne.
The power redipted backward at meximum speed corresponds to an isotropilc
rediator with a power of 5 kilowatts. The vower drops to 3 kilowatts
at an argle of 35° from the backward direction. The power of the en=
gine iz unstated, but it is probably about 5000 horsepower. If this
guess of the total power is correct, the total power radiasted referred
to the backwerd direction is only slightly more than 0.1 percent of the
engine power. The power radiated from the gas stream is omly 350 watts,

Paper 3C

This report contains mcscurements of temperasture by means of
photocells,

Paper 4C
This paper is concerned with the infrared radiation from the
boundery layer of a high speed missile. The concern in the paper is

excluslvely with the effect of this radiation on a heat detector
located in the misslle.

RESTRICTED

EFARIMENT
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RESTRICTED
Paper &C

"The primary object of this project is to develop techniques
for measuring speciral cherscteristics of various circumstances, parti-
cularly in the infrared and to develop radiation standerds for radio-
metric celibration.® There is no informstiorn on target radiation in
this report.

Paper 7C

This is a theoretical study of the heeting by skin friction.
The equilibrium skin temperature is summarlzed in Fig. 1 and 2. At
sea level the increase of temperature is 200”7 F at 1000 miles per hour,
700° F at 2000 miles per hour, and 1500° F at 3000 miles per hour.
These figures refer to the increase in the equilibrium tempereture of
the surface of the missile.

Paper 8C

"The object of the work ccvered by this report vas the measure-
ment of spectral and total radietion intensities emitied by Jjet engines
with special reference to the radiation of exhaust gases in the infrared
region. The ccordination and development of guiteble instruments and
equipment for carrying out these measurements were & necessary part of
the work." A summary of the results 1s conteined on pages 19 through 22,
Figure 55 ond Figs. 67 to 88 are of particulsr interest,

Paper 9C
This brief report is the actual measured ckin tempersture of
a flight of the A-4. The skin tomporsture rises to a peak of 600° C
during the descent into the atmosphere.
Peper 10C
This German report is 2 very important study of the total ra-
diation within the lead sul{idc band of a number of differecnt aircraft
as a function of horizontel azimuth and also in the downward direction.
Jeasurements were made with the planes in flight and elso stationary.

Paper 11C

No informstion on radiation.

RESTRICTED
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Paper 12C

This report is a supplement to Paper 4C.

Paper 13C

This report describes rather carefully measurements of the sky
rediation. Measurements were made with apparatus covering three different
spectral intervals approximately 0.4 to 0.8 micron, 1.0 to 3.0 microns,
end 5 to 13 microns.

Paper 14C

This is a trencletion of Paper 10C.

Pzper 15C

"Cne infrared rcceiver employed a cooled German Elac lead sulfide
cell mounted in a 12 inch eperture thirty inch focel length parabolic
icirror, The unit wes mounted on the Gun Rirector ard boresighted with
the 25 power bincculars. The scnsitive arca of the cell wes 6 x 6 mm -
and the field of view wes limlted to 2 square sbcut 25 minutes on each
sldc by sn aperture at the exact focus of the mirror. A toothed wheel
in freot of the sperture chopped the radistion €00 times a second, The
slze of the choprer teeth and the openings briween the teeth were equal
and the aperture was eqgual 1n size to a tooth end an opening., The cell
was locaoted lust behind the aperture. /s a rcault the flux from a uniform

ackground passing by the chepper remeined consiant and unmodulated.
This prevented the sky from producing = signal in the absence of a target.
The cell was sensitive to rediation of wavelengths from 0.6 to 3 microns
vith maximum response at 2.5 microns and was ccoled with dry ice to increase
sensitivity. The output of thies aperastus was anplified and aprlied to

an Esterline Angus recorder,

A strong signal wes recorded from the rocket with the lead
sulfide receiver from the time the fuel was ignited until it was cut off
at a height of 19 miles and slan' renge of 21 miles. OUne feature of the
record was thot the signel remained at almost e constant amplituda. The
cxplanation epreared to be that as the range increased the totsl mass
of atmospherle attenuaticn decreased end the twmo effects happened to com-
pensate. The signal wae streng during the entlre burning periocd and then
suddenly fell to zero. " An estimate of the energy received was obtained
by placing e small stop over the mirror and pointing the unit et the sun

STRICTED
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et noon. When the responce was equal to thet from the rocket the ecalcu-
lated flux density from 0.6 to 3 microns was 40 ergs cm™2 sec®l., No
signal at 211 was received after Brenschluss and it was concluded that
the lead sulfide cell responded only to the infrared emission from the
hot gases in the exhaust.”
Paper 16C
This report describes an eight-line escenning system using thermo-
couples. The system appears very crudec cnd the results very poor.
Paper 17C
Although this report conteine no data on the radistion of aire-
craft, the inforrstion on shiyp rsdiation should be very useful.
Paper 18C
This report concerns the theory of the temperasture of the

boundary layer and the skin temperature of a high speed missile.

rcj/cbb
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Reports re Tarpet Radiation

Group C

Halstead Exploiting Cenitre, Infrared Radiction from Gssoline Engines
and Their [xhaust Gases, Report No. HEC 5416, August 28, 1945

M. Bound, A, Hobson, V. Rogulsky, Measurements of the Infra-red
Rediation from a Single Derwent V Jet Engine, A.S.R.E. Monograph
No. 818, Admiralty Signal snd Rader Establishment, February, 1948

M. Treu, Temperature !'easurements with Photocells, Report No. 264,
University of Prezgue, July, 1943

Victer Neuman end L. P. Raichle, trenclators, Infra-red Radietion
from the Boundary layer of Missile "Wasserfall" inm Motion, Archive
Ne. 66/116, Naval Crdnance Laboratory, July 15, 1943

Jng. Schwenkhagen, Registration of Interference Radiation in the
Atmosphere, and Renge Neasuring Apperatus, Report Nos. SS 0082/4430/42
and SS 0082/4431/42, Forthwestern University, Contrect No. NObs 2€373,
February 7, 1947 :

R. V. DunXkle, Thermal Rediaticn Project Quarterly Progress Report lo. 1,
University of Cslifornia, Contract No. N7-onr-295 Tesk I, August 12,
1947

J. L. Byrne, Acrcdynamic Heatlug, Report No. GM-102 (AM-40), Northrop
Alrcraft, Inc., Project 25, January, 1G47

C. M. Wolfe, Finsl Report on Contract No. MDa(s)-8472, Aerojet
Enginesring Corporation, September 30, 1947

C. R. Haave, Skin Temperature of the A-4 During Flight, Naval Ordnence
Leberatory hemorandum Ko. €682 (1..V.A. Archive No. 66/5) August 15,
1946

Volfgang Plumeyer, Investigation of the Infra~-red Rediation charac~
teristics cf Aircrafit, Document Report No. 1, Office of the Theater
Chief Signal Officer, September 8, 1945

C. M. Wolfe, Progress Report No. 956~12, Aerojet Engineering Corporation,
Contract No. NCa(e)-~8620

Vietor Neuman and L. P. Raichle, translators, Infra-red Rediation
from the Boundary Layer of Migsile "fasserfell" in Motion, First
Supplement to Archive Report No. 66/116 of 7~15-43, Neval Ordnance
Lahoratory, Ceptember 20, 1943

{4
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18C.
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C. P, Butler 2ad G. L, Harvey, Sky hadiation Neasurements at White
Sands, New lMexico, Report No. H-3069, Neval Research Lsboratory,
February 4, 1947

Wolfgang Plumeysr, Will Vandefmeer, treanslator, Investigation of
Infra=red Radiation in Airecraft, Gottingen Repert No. UM 714, Ryen
Aeronautical Company, June 10, 1946

C. P. Butler and C. L. Hervey, Infrared Detcction of the A=4 (V=2)
Rocket, results of - Preliminary Report on - Fhysical Optics Division,
578-1(119) (610) 600~128/46, Kaval Resesrch Latoratory, July G, 1946

0ffice of the Theater Chief Signal Officer, Infra-red Image Device |,
with Scapning by Means of a Thermo-~element feriees, Document Report
lo. 189, Decomber 17, 1945

John Strong, herme]l Rediation from Tergets end Backgrounds, OSRD
Report No. 5372, Barverd Uaiversity, Zontreet No. OEMar-(0, NMerch 30,
1945

V. Neuman, translator, Calculation end Discussion of Skin Temperstures

Tpy1 for the "hasserfzll" ProJect for Flat and Steep Trajectories,
Archive No., 66/1868, F2 0-2039-47, Office of Naval Intelligence,
Technicsl Intelligence Center
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MEASUREMENTS ON COMPRESSION CLRCUITS
Jenuary 7; 1949
1. Introduction Harry Stockmean
An interesting problem has been encountered, in which the output

voltage vs. input voltage curve for a pulse amplifier was to be given
a particular shape, representing a small, specified amcunt of com-
pression at low input voltager, and a large, specified amount of com-
pression for high input voltages. TLs encounizcred, single pulses were
of approximate duraticn 0.1 seconds, and had a dyaamic range of over
100 decibels in voltage (dbv, the input and ocutput impedances had pre-
determined values). It was tentatively decided that the initial part
of the .compression curve should represent a 1:2 ratio between the.
decibel scales, while the major part of the curve should represent a
1:6 ratio. Thse problem is comnlicated by the fact that the amplifier
mist operate equally well on positive as on negative pulses, and ensu~
ing positive end negative voltage trensients.

Several solutions have been considered, but the original problem
will not be further discussed here. Instead, the general form of two
solutions will be inspected, and the predictions made analytically
checked experimentally. The following text and figures merely state
the results from the experimental investigsmtions. No attempt has been
made at this point to migorously apply the results to the original prob-
lem. The measurement results only serve to indicate that if the eug-
gosted types of circuits are used, a resulting compression curve of es-
sentially the desired form obtaing.

2. Feedback Cathode Follower Circuii
an
The first experimental investigation concerns the use of Andividusal,
cathode follower feedback loop for each amplifying stage, so that the
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pulse amplitude is compressed, first in the output amplifier stage,
then in the previous ampiifier stage, and finally, at the end of the
signal dynamic range, in the input amplifier stage. A simple direct
current circuit is investigated, as elaborate pulse trénsmission test
facilitiea were not available at the time. No attention has been
given the technical pfoblem of obtaining electrode biases, etc., or
the problem of how to arrange the feedback loop to avt on both signs
of the incoming pulse (this csn be done by means of phase reversal
tubss) . The measurements on the cathode follower loop have been in
the form of estimations rather than pletted, accurate curves, and
respense curve is submitted with this report. The measurcments prove,
nowever, thet a amooth change of the feedback transmission constant
obtains when the grid bies (actually signal) voltage is varied through
the feedback reglon.

8. Attenuating Diode-pair Circuilt.

The second experimental inveatigation concerns the use of shunting
dlodes, or pair of opposite polarity dicdaes, between grid and ground
of each amplifying tute, sc that, on conduction, the voltage drop in
a serics resistor causss the desired loss in output voliage, increasing
with the amplitude of the applied cilgnel. The measurements have been
carried out for direct voltage concitions only., It is attempted to
prove that if two coneecutive dlode loops are used, the desired shape
of cumpression curve can be obtaine:, btut the alternative of using a
third, additional.diode loop for bubtter result exists, of course. The
amplifying tubes between the diode networks, asdding consecutively to
the desired compression, are operated linearly, as grid current demping
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in these tubes would upset the symmetry of the circuit to pulses of
opposite sign. )
The experimental, basic circuit for diode compresaion is shown in
the upper part of Figure 1. The two diodes are biased ﬁy proper sources
es indicated. Additionsl resistors to sserve as adjustments may be in-
serted from each plate to ground.
The second diode is biased approximately 0.5 volts negutive, so
that plate current will commence to flow alreedy for a volue of Vip of

a feow tenths of a volt. The voltage Vout Will then start to drop at a
slow rate, essentially determined b- the resistor Rg. The first diode

is biased at approximately Z/4 wlts and goes into action later, how-

ever with a dynamic characteristic more closely following the tube char-
acteristic. The voltege crop due to the first dlode is essentially
controlled by Rj. {For reasons of simplified calculations, with the
loading on Ry by the second diode Dy neglected, Ry was originally given

a mich larger value then Rl.) The second diode starts to teks uppreciatla
current at the point on the finel compressiog curve, where the action of
the first diode tends to becoms linear. In this way the resulting, curved
part of the characteristic is extendsd, while the flat part suddenly tekes
ovar to yield a high amount of compression, represented by & stralght line
in the diegram. To permit the use of relatively large Ry and Rp velues
without experienéing a heavily suppressed upper part of the characteristic,
the resistors Ry end Rﬁ have becn inserted. These resistors are only active
to an appreciable extent on the bend and upper pvart of the final response
curve, where the plate current is large, and thus provide very convenient
controls for slope regulation here. By adjusting the various controls for

resistance and bias values, the resulting curve can be made to closely re-




.
gemble the desired one. At approximately 5 volts input voltage, the

final response curve contirmes as a straight line of excessive slope.
This is the point where the nonlinear networks preceding the amplify-
ing tubs chould take over and add compression so-us to sscure the de-

slred respouse.

4. Teedback Diodg-Pair Circuilt

It is of interest to consider a c¢ompression circuit operating
similtaneously with fesdback and output nonlinear network acttenuation.
Such a circuit may be obtained by combining the idea of the cathode
follower feedback loop with the idea of the attemuating diode-pair.
Generally, ocutput attemaation will reduce the output of the stage with-
out affecting the gain of the tube, while feedback will change the gain
without affecting the ocutput voltage obtained from the reguilsted tube.
The two compression systama have different churacteristics and res-
ponse curves, and by chang'w gthe perameters in the circuit to be des-
cribed, ane can go from one extreme to the other, obiaining any de-
airable combinatioa of the two actions.

Figure 3 shows ssveral response curves which illustrate how the
shape of the responsge curve can be conveniently changed by nroper use
of the many parameters in the circuit, Figure 2. While attenuaticn
oniy provides z certain comﬁression, feedback action will produce a defi-
nite limiting ection. The perceantage figure given is simply calculated
as R4/R5 and only serves as cualitative information about the cununt of
feedback used. Due to the fact that a changed position of the tap on
the potentiometer Rg not only changes the amount of feedback, but also
to some extent the sieady blas voltage on the grid, a smell correction

should be irtroduced in the diagram, Figure 3. Nevcrtheless the trend

I AT ™ 23 § ARCH DEPARTMENT
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of utilizing negative feedback is obvious.

The curve for R2 = 37000 omms has a tendency to bend upwards,
and generally, the effect of Ro increases with the signal amplitude.
This fact is of little significance as the total attenuation for the
upper part of the dynamic range in Fig. 3 is handled by the compressicn

circuits of previous amplifier stages.

HS/h
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CHINNEL AMPLIFTIR DESTGN

>

January 7, 1949

1. Bagic Considerations:

The desigrn work on this and the adjacent two amplifiers may be
dividec¢ into three major paorts, concerning

1. Amplitude {or power) response
2. Waveform (or phase) responsze
$. Signal-to-noise ratio.

The following discussion dezls essentially with item 1. This item in-
ciludes ways and means for futomatic Gain Control, AGC, cr signcl com-
pressicn. To not unnecessarily invite OlffiCLlLlO in form cf insta-
bility »Oroblem: nnd signal-teo-noise sroblems, AGC hus not been applied
to the cell-amplifier., To restrict the signsl dynamic range on the
switching tube, all AGC action is initielly restricted ts the charnel
amplifier. Large signal limiting may, however, be conplied te the CRO
amplifier gso as to nrevent “b:l_oozzz_u.ng‘l on the CRO screen.

The AGC problem sheuld be simplified if a2 "lin-log" type of chan-

nel amplifier could be uced without any compression at all for the initial
signa2l dynamic range. This would, howsver, involve a very high cmount
of compression on the stronger signals, and result in & sherp knee on
the voltege ocutput vs. voltage input curve, which is not desircble. Ac-
cordingly a curve such as the tentative curve in Fig. 1 should be aimed
at, where a ameller amount of fixed ratio compression (1 ?\ is appl ed
for signals * 10 dbv around the noise level, while u higher amount o
fixed ra%io conpression {1:6) is used for the ramaining l._.rt of the

nomic range. The vertical scale is restricted to 25 dbv on the asm mo-
tlon that this variation in the output is desirable =2fter compression.
The total amplification in the channel amplifier is initially : °qJned to
be 110 dbw, On the agsunption that signals might b2 observed down in
noige, compression is applied from -10 dbv and up, sece flg. 1.

Tentatively the use of d.c. amplifiers is disregarded in the initisl
design. It is assumed thet besically three amplifying stages are needed,
which meeng a total of fivse low-frequency cut-offs prior to the switching
tube. In the discussion of the cell-amplifier the time constant value of
each cut-off (for a resulting cut-off frecuanﬂy of 2/3 cps) was seb to
approximately 0.€ seconds. The higher cut-off can be indroduced at will,
and except for ibe single cut—off alrsady preseat in the cell-emplifier,

additional high-frequency cut—off will initinlly be introduced in the
channel amplifier. Short recovery time is essential, and it is eﬁtatively
assumed that as long a recovery time as 10 seconds may be permissible ai
the input of the CRO. This would mean a trail, ccvering an zppreciable
part of ths 360° arc on the screen of the CRO.
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The vasic circuit diegram is shown in Fig. 2 with the AGC circuits
omitted. For signels 10 dbv down in noise the goin of this amplifier is
the same as the finally obtained goin in the final, ACC controlled am~
plifier. For simplicity it is acsumed that the same tube in Class A opera-
tion is used throughout the circuit, snd the deta of the tube may ini-
tially bz considered similsr to those of @ conventional pentode, such as
6S8J7, operated in resistance coupling at high plate and screen grid vol-
tages. Under thege conditions the tentative values for the circuit com-
ponents may be as followe: (Rl in Fig. 2 is referred to as R5 in the cell-

ampiifier write-up)

Ryp 1 magohm €1t 0.6 mf
R2: .28 0 Cot 0.8 mf
RS: 1 n Cg: 0.6.mf
Ré! Qe85 ¥
R53 1 il
RG! 0.25 v

A subminiature tube that would be useiul in this application is
CK5702/CK6C5CX (simiier to 6AKS). The dota for this tube as a Class A1
amplifier are as follows:

Vp = 6.3 volts

I, = 0.2 ompp
Vg = 180 volts
Ie = 120 wolts
=8g

Ip = 7.7 naa
Iag:: 2.4 ma

gy = 5100 nmhos
Ip = 0.69 megohna
RC = 200 ohme

The signul levels will first be discussed 2ssuming the ACC recuire-
nents non-existent. The required gain per stage, for equal gzoin ner stuge,
is 68, which cun bte rather eacily obteined. The minimum signal levels, or
nolse levels, on the three gride is then, annroximately

3 uv 0.2 mv 15 mv
If the grid bies ia -7 volis, and apvreciable positive grid current is
i g R Y Bk e L ety - ry I
assumed to begin at -C.5 woly, the maximum peak gignal Ievels for linear
operation with plus on tue first grid becomes, roughly,

1

0.5 mv 40 mv 2.5 v

For higher signel levels the third stage will overload. At approxi-
mately 40 mv input voltage tc the amplifier the qccond'stage will over-
load, while the first one overloads at the end of the input dynamic renge.
For still higher signal levels special protection devices ure relied upon.



It therefore anocurs pocsible to use grid current limiters in all three
ntcges to help limit vhe output voltage in the region of strong sirnals.
Such an arrangemen® is impracticel, however, in view of the fact that che
grid voltages may be of either sign.

Before a more specific discussion is entered into, the difficulty
due te the polarity of the signsl should be discussed. Even if the signel
on the first grid was always positive, following amplifiers viould never-
theless have to handle both positive and negetive voltages, due to the
alternating nature of the transient response. This would mean that com-
pression by, for example, grid limiting in the amplifying tubes, would bte~
come very difficult; for one tube limits on positive input pulses, while
the next one does not limit because of the negative input pulse. Generelly,
conventional limiting is suitable only above the specified signal dynamic
range, to oHrevent overloading. One way out of ithe difficulty is to give
up the requirements cn true phaze response in the output, 2nd rely wupon
two-way rectification betwcen steges for proper operation. Solutions witbh-
out rectificatiorn inside the ampliflier will first be attempted.

One solution, suggested by Dr. Jones, makes use of rectification be-
tween stages, and external, diode limiters, contributing proper emplitude
levels so that cny dosired responge curve can be obteined by superposition.
Thig suggestion will be given congideration later.

Before & discusnion of different solutions to the problem entered
inte, it should be clearly undorstood that many solutions are possible, al-
though only a few are irdicated. t ia not practical to go much further
with ths theoretical investigation, as the bebavior of the required non-
linear circuits, and the final response curves due to consecutive compres-
sion and limiting, are so much easier obtained experimentally, and by parameter
relationships, expressed by disgrams obtainad from measured data. It is
believed that cxpericental work would soon yield circuits superior to the
ones shown, and it is felt that under all circumstances the final amplifier
compression circuits will be made up of various elemants from each one of
the shown golutions, whnich represent ideas rathesr ihen engineering design.

2. Congecutive Liniting by Feedback Loops.

—tte i e

Initially, it is assumed that the radiation cell scans over  target,
hotter than the background, and that the output from the cell is a 0.1
soconds long, positive, bell-shaped curve. This pulse therefore appears

as 2 negative pulsc on the input to the chonnel amplifier. It then follows
that controlled negative feedbselz, ne loop for each even amplifying stage,
is an acceptabls solution, assuming that the broadening of the passband

and associatec change in tramsient response does not jeopurdize the cperation
of the circuit. At exbtremely weak signsls the amplifier has a nerrow pass—
band, yielding maximum signal-to-noise ratio, while ct strong signal it

has a wide passband, reducing the ill-effects of Pringing,;" but increasing
the recovery time. If fixed networks with the bandwidth independent of

the amount of feedback ore inserted cutside of the feedback loops, the
influence by negative feedback on ths overall bandwidtl i§ ?edgged.. The
arrangement with one feedback loop per stege, end no amplificotion in tim

A\




feedbacy networks, ecliminates the difficulty of ingtability, ond provides
the desirable AGC cheracteristic by kaving the thres feedback networks
come in smoothly at three specified sointe an the final response curve,
Figure 1. To nake possible the use of feedback loops on cll stages and
for any sign of the wwplifier input pulse, a phase-shiftor must be in-
serted in cvery fecdback loop, or s bulanced amplifier scheme used for
obtaining the same response from o negative voltage os from o positive
one. The requiremeni on polarity independence complicates the otherwise
simple feedback loop solution.

A circult for negative pulse cperatior is indicated in Fig. 3. Due

tcdthe fict t%at a caghode follower provides matching from e high im- -
edance to a low edaneo i Y ted dirce

EELA"6F the o lomiRe tane: a1 1Ts 000 B S0 mested divpetly B9 tha
for the amplifier tube grid resistor Rp. £s a circnit dicgrom only serves
to show the principle involved, bies batteries have been inserted to sym~
bolize proper elecirados voltage sources. The maximm voltage gain in the
cathode follower is approximately one, and as thec only reactive element in
the feedbacx locp is the grid capecitor for the following amplifier, no
difficulties with instabllity are to te expected. For genertl use, when
the polarity of ths incoring voliange could be of either sign, the required
phase shifter may have the form of a phase reversing tube of gain 1 and
a second cathode follower. Here d.c. emplification mey be used so as to
avold the undesgiruble phece zhift arnd time delay in on addition.d RC net-
work. The obther gpecific golubtinn here considered is a phuco-reversal
cireuit in the very input of the channel smplifier, so that, in effect,
twe irdependent channel amplifiers resuli, one for each polarity of the
input signal voltage. With thiz arrangement, all veltages ore compressed
in all stages, independeant of sign. If so is vequired, rectification may
be oddad in ths channel anplifier ocutput.

The cathode follower is normally biaced in the region of cut-off.
When the ouiput voltage from the amplifier stage excceds the violue desig-
nating the delay period, plate current will start to flow ucnd then inerease
in accordance with the dynamic cheracteristic for the tube. WWith proper
choice of component values thic provides a grodual increase in the cathode
follower amplification { < 1), =nd thmsg in the feedbock factor. This in-
erease cen be properly controllsd if a constant, small direct -current is
maintained through the cathode realstor, see Fig, 3. Thus negctive feed-
back is obtained that increases with the signul level, providing o charac-
teristic that can be adjusted to beceme similer to the desired AGC churac-
terisvic.

The curve in Fig. 1 actually reguires AGC from the veakest siynils en-
countered, 10 db dowvm in noise. For this the hichest sizauls encoun?ered
ig that at the output of the third tube, and one control loop circuit in
accordance with Fig. 3 may be inserted hera o handle the moin part of the
firs% 20 db, or so, of dynamic renge. This means inpub signals from 5/5,18
or approximately 1 micro volt, to $°3.1€, or approximatcly 10 micro wolts,
and total amplifier outputs of from 1 x 216CO0 = 0.3516 volts tg 1.0 volts.
The initial output voltage of 0.316 volts appears to be just sufficient to
operate the circuit in Fig. 3, but it should be noted th§t the actual,
non-signal voltage that apocars on the output terminals is set by ncise,

\



for 3 v input, and is 0.56 voltg. The proper scale factor 1l:2 is
gecured by proper choice of the initial C-point und by adjustment of
the resistor Rg, the potentiometer P, and the siteudy direct current
through P. When the signal level becomes lerger, the C-point clides
from the bottom bend of the characteorietvic towards the linear part,
and after this the amount of negative fecdbuck action tends to be-
come constant and may be superimpnced on additional feedback action,
now introduced in the earlier purt of the anplifier to hondle the
initial region of the 1:6 dbv range. This additional feedback action
may be obtained from another circuit of the form ghown in Fig. 3,
across the second amplifier stage, and later, ot still higher input
gignol ilevel, from a third circuit of the form shown in ig. 3,
arranged across the first amplifier stege. Tuus, for the main and
upper part of the DAGC cheracteristic all the circults are active,
still there arc nc cernnections from end to end of the amplifier,
Jeopardizing the stability.

Part of the upper dynamic range may be hoodled by a limiter,
following the third amplifier stage. This limiter should operate on
positive as well as negetive pulses, and may be nade to serve ontside
of the 140 dbv range, essocioted with "sun-protection® type circuits.

To feecilitate the choice of component values for the cathods
follower circuita, the AGC curvee for gain and output voltage have
been plotted with linear scales in Fig. §. Substitute curves have
been used to provide & smooth btransition from the 1:2 db range to
the 1:6 db range. The moet attrsctive solution here is by means of
diode limlters or clippers, but a different, possible arrancenent,
utilizing « phase reversing cathode feed arranpement is shown in
Fig. 4.

The circuit in Fig. 3 doss not require any polarizipg potential
thet camnot be provided by well~-knowr tube--circuit teclniques. As
o cathode follover is essentinlly & linear device, operatiscn must
commence at or beyond cut-off, so that the cathode follower amplifi-
cation, or trangmission congstent of the feedbacl network, veries
from a fraction of 1 percent to 20 nercent, or so. This can be
achieved in practice, and corresponds to an amplifier stuige goin
voriation from 68,cr sc, dowa to approximately a ten times lower
velus. The achievement of the final gain value for the entire am-
plifier does not present too serious a problem, for alrszdy at the
crogg-over point the output voltage from the second stege is suffi-
cient to contribute tc gain reduction in the second stage, and for &
still larger amplifier input voltage the first stage vill zlso become
active and contribute to the overall gain reduction. Further, cir-
cults as the one shown in Fig. 4 will tske care of the upper part of
the characteristic, and it is therefore safe to assume that calculation
and experimental checks should be centered on the wesk-signol behavior
of the control circuits.




Estimation of gain reduction with a cathode follower feedback
loop on the third stoge scems to indicate that it is nossibie to pro-
duce the required rate of change of gein at very weak signals. 4
check hes been made of the rate of change of the stage puin that ecn
be obtained when a conventional tube operates under most favorzble
conditions. This check proves that the desired cver:zll compression
can be obtained, cnd that if some wiggles around the curve shovm in
Fig. 1 are permigsible, a satisfactory consecutive action of the
three cathode follower loop circuits obtains. In practice tie "set-
in" points for the three circuits must be adjusted with an output
moter until a smooth final curve iz obtained.

The use of cathode follower lecops may introduce some difiiculties
in mainvalning degsired transiout recponse. If balanced amplifier stages
are us2d, and the rectified,total outputs combined, sufficient symmetry
is believed obtainable to justify the cozplications of the circuite.

If en unbalanced schere is uscd, with only one amplifying chormel and
a phase shifter prior to each cathode follower, as is indicated in
Fig. 3, symmetry for both polarities of the signal is also obtuinable;
it is believed to the degree needsd. Both the balanced and unbalanced
scheme looses gymmstry under conditions of overloading. It is nec~
essary that the two circuits are set up in bread-btoard form, and ex-
gsrimental valnes obtained, befcre ang definite conclusions regording
the veofulness of the feedback loop ACC solution arc drawm.

3. Congecutive Limiting by Dicde Pairs.

The cimplest solution of the AGC problem :ould be to utilize the
limiting characteristics of the amplifying tubes themselves. For posi-
tive sigrals on the grid, a smooth end adjustable compression ig ob-
tainable by means of grid ecurrents through the grid resistor ond es-
sociated resistors, and severcl tubee may be made to add to the overall
attenuation in guch o weoy that the desirable overall rcoponse is obtained.
To secure compression from the weakest signal 10 dbv domn in noise, use
must be mode of at leagt one grid circuit following the third tube, from
which the minimmm cutput veitsge is C.316 volis. Additioncl compression
is ohtuinable by the use of the plate current-grid voltage charccteristic
end the cuil-off region of the ‘tubes, but this solution may not be attrac-
tive, as the grcoatost rate of chan%g of the tube euin obtains towords
the end of the dynomic range, and beyond this point, for fixed bius, the
regulation comes to a stop for zero plate current, unless variable-mu
tubes are uscd. Another means for compression is to operate tho amplifying
tubee et very low direct voltage on the plate, so that for increusing
pesitive voltage on the grid tlie output of the tube becomes limited. Vhile
all these regulation possitiiities lend themselves better to clipping then
to smooth AGC, it is likely that ihe desived; finsl response con be ob-
tained., assuming not laese than three amplifying tubes being used. Correc-
tions of thc compression curves can be obtained by specizl component veluee
and proper arrangements of the screen-grid circuits. By the use of multi-
element tubeg, such 28 heptodes, additional control features con be secured.
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The difficulty in all these schemesz utilizing the tubes themcelves
as contrel element iz the fact thet the chunnel amplifier is supposed
to work the some way for both polarities at the imput terminals. Thus,
while for a certein signel cmplitude there would be no limiting in the
first stage, and a to’zl pgrin of,say 40000, the opposite polzrity on the
amplifier input may yield no limiting on the first stege, good limiting
on the second stage, anrnd no limiting on the third stape, and & total gain
of, say, 100000.

One solution to the above problem is to desigm the amplificr stuges
g0 richly, that within the dynsmic voltoge ranges on the tube electrodes
the compressicn is negligible. All the desired compression is then ob-
tained from twe-woy diode attenuation networks betveen the tubes, ond
after the laat, cr third tube. Fig. 6 rhows the principle for this ar-
rangement, including enly the last two tubes in the amplifier. It follows
that for very weal: signals the disdes opcrate as linear rather than non-
linear elements, and both helf cycles of ©n a.c. sismal applied to the
emplifisr pags through. Rectification sets in at the point whers the am-
plitude has reached sufficiently high valuve, ond it follows tuut this
point of commoncing, limiting ection movesg towards the input cnd of the
amplifier as the input cmplitude increcses. This mezns thot more ond
more compression clrcults become activz, and for strong sisncls, at the
upper end of the finnl dyaomic characteristic, ell compression circuits
are active, wvhile the ampliiying tubes still opercte coproximctely linearly.
Wore than one diode-pair may be used with associzted netsork ¢s is showm
at the output end of the omplifier,

The dailode compression method does pot reguire cny additionnl coupling
czpacitors, nor does it introduce sericug problems with regard to trun-
slents and recovery time. The resistors RB4Rghg, RgRigRiy, BioRjszRia, and
others have screw-driver edjustments go that the overell compression curve
can be adjusted whenever so ig recuired. The electrode voltnges cre ob-
tained from a separate rectificr. or partly from drop resistors in the
leads of the amplifying tubes. As diode-pairs an equivaleont sub-minicture
type to ©H6 may be used, to the extent presently availieble,

Note the possibility, polnted out by Dr. Jores, of rcplacing RypRjpj
and similar vuits by just one resistor, zlso of using nonlinear series
elemonts.

The disds comprescion circuit and the cethode follower feedback cir-

cult yield a combination of intercst, in which the diodes nolt oniy act
as pert of on attenucting network, but also provide fecdback loops. The

rinciple of this arrongement is shown in Fig, 7. Tho right pcert of this
circult may be considered identicol with that of the plate side of the
lest amplitying stage in Fig. €, tut the left part is differcnt. The ground
ends of the diodes are connectel to serious resistors, providiig vart of
the grid resistor for the amplifying tube. When the incoming sismcls are
very weak, the dlodes do not conduct, znd the eircuit opcrates just as
ordinary amplificr stage without compression. When the input amplitude
increasce, say in positive direction, the diocde Dy will start to conduct

tE



end a bucking voltage will appeer across the resistor Ri, so thut nega-
tive feedback action oblzins. At the sume time there will be & voltage
drop across the recistor Rg. Cempreccion thercfore obtcins both for
reasons of negative feedback and for rsason of diode nctwork ationuction.
When the compression becomes exlensive, the input voltage will start

to feed an appreciable voltage component on the cathode of the diode,
go a8 to slightly increase the cenductivity of the diode. A1l thepe
actions ccn be blended together teo give the desired shape of the coia-
pression chrracteristic for both positive end negutive input volizges.
The required diode bias can in the case of Dy be obtuined by rcturning
the resgigtor Ry to a point X on the cathode resistor Rjg, wiile for

Do a different source of bias voltage is required.

Tho diodes arc heated from a prover filamnent transformer. Duec te
the low signal frequency, and reasonable resistance values, no particu-~
lar difficulty is expected to arise from the crrungement of {the filument
haater circuits,

If so is desired a second pair of diodes can be added with assoeci-
ated attenuation and feedback nolworks, so that more freedom and flexi-
bility in adjusting the resultilng compression characteristic obbains.
Another meano for more flexibility in adjustment is to connect & shunting
diode A in series with a resistor across the diode Dy und resistor Rj.
(Similarly cnother diode B across the dicde Dp and resistor Ro). This
arrangement is shosm in principle in Fig. 7 and in deteil in Fig. 8.

If by choice of proper bilas the simnting diode A is made to pass an ap-
precieble current in the same direction from the resistor Rg zs Dy,

the result will be an increase in the attenuction of the signal via Rg,
but & decreases in the atltenuation, caused within the proper signal in-
terval by the Teedbacl: voltage ond feedbaclk action, which will change
the character of the compression curve.

4. lUge of Cuatput Nonlinear Netwerk

—_—

The solutlion sugerested by Dr. Jones makead use of resistonce notuvorks
and diodes, one combination for each amplifyine stagec. The esignoal is
attenuated in stoges, so that the diodes re excited in steps, cnd enter
into acticn in a gequence that will give the desired recponse. Vilidls
the initial nart of the total output is contpibuted by the last ampli-
fier stage, the maxrimum output is contributed by all tlwee stoges, in
proper psrts. The prlaciple of this circuit is shewn in Fig. 9.

itk reference to all the abeve solutions the use of germonium diodes
nay b3 considered at the side of iube diodes. The former do not require
an& heating source, but may resuire a thermostat to reduce the effect of
tempoarature dependence. The latter require a heating source but do not
require a thermostat. ‘
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One nonlinecar element not previously mentioned is the "varistor”
from Bell Telephone Laboratories. Thieg unit repleces a diode pair and

is of veory small dimenslons. Seriou#d consideration of the vuristor
solution .ig recommended.
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